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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#103-e we agreed the following:

Agreements:
· In semi-static channel access mode, a single FFP (periodicity and offset) is associated to an initiating device (gNB or UE) at a given time which can be used for the purpose of channel occupancy. The FFP configuration that is used for initiating channel occupancy purposes, is such that it shall not be changed for at least 200ms

Agreements:
· UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us is supported

Agreements:
· The gNB configures a UE to initiate semi-static CO in an unlicensed channel(s) only if the gNB configures the UE also with the higher layer parameters of the gNB’s initiating semi-static CO in the same channel(s).
· Note: UE initiated FBE configuration is configured per serving cell

Agreements:
In semi-static channel access mode,  FFP Period for UE-initiated COT is separately provided from FFP period for gNB-initiated COT.
o    Note: Any value for the period, shall be at least 1ms and at most 10ms.
o    Note: Aim for low complexity operation to handle gNB and UE COT interactions
 
 Agreements:
In semi-static channel access mode, a UE should be able to determine whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT. 
· UE determines the initiator of a COT based on at least one of the following alternatives:
· Alt 1: Introduce additional bit field in the scheduling DCI
· Alt 2: Based on ChannelAccess-CPext field in DCI
· Alt. 3: Based on a predetermined rule(s)
· Alt. 4: Based on RRC signalling
· Alt. 5: Based on MAC CE
· FFS other alternatives
· FFS on overriding possibility and/or the assumption
· Note: A scheduled UL transmission cannot be transmitted according to both shared gNB COT and UE-initiated COT.
 
 Agreements:
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.

Agreements:
Down-select one of the following options (target RAN1#104-e):
· 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.
· Option 3: CG-UCI based procedures are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16
· Note: Procedures based on CG-UCI rely on UE including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
· Note: Procedures based on CG-DFI rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions. 

We also made the following conclusions in RAN1#103e:
Conclusion:
· For operation on unlicensed channels and irrespective of the adopted LBT mechanism (LBE or FBE), all transmissions in DL and UL are controlled by gNB similarly to licensed channels, and potential collisions or blocking are controlled/mitigated by gNB.

Conclusion:
If a device X at a given time is initiating a COT, the applicable FFP for the device X is the FFP associated with X. 
If a device X at a given time is sharing a COT initiated by a device Y, the applicable FFP for the device X  is the FFP associated with Y.
Note 1: One of the devices X and Y is a UE and the other is its serving gNB.
Note 2: Whether or not there is additional restriction on idle period is still FFS. 

This contribution discusses some considerations in UE initiated COT for semi-static channel access and CG-PUSCH harmonisation.
2. Semi-Static Channel Access

2.1 COT Initiator
In RAN1#103e, we discussed about how UE determines whether an uplink transmission should be transmitted under a gNB initiated COT or under a UE initiated COT, especially for case where the uplink transmission starts at the UE’s FFP.
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[bookmark: _Ref60830187]Figure 1: Scheduled UL transmission

For scheduled uplink transmission, e.g. a PUCCH or PUSCH scheduled by a DL Grant or an UL Grant, the scenario under consideration is shown in the example in Figure 1, where the gNB has initiated a COT at time t2 and either transmits a DL Grant (left hand side of the Figure 1) or an UL Grant (right hand side of the Figure 1) to schedule a PUCCH or a PUSCH at the start of the UE’s FFP at time t5.  The UE needs to determine whether the UL transmission (PUCCH or PUSCH) is transmitted under the gNB’s COT in which case it must end prior to the gNB’s FFP Idle Period at time t7 or under the UE’s COT in which case it can continue until the end of the UE’s FFP Idle Period at time t8.  The following alternatives were considered in RAN1#103e:
· Alt-1: Introduce additional bit field in the scheduling DCI
· Alt-2: Based on ChannelAccess-CPext field in DCI
· Alt-3: Based on a predetermined rule(s)
· Alt-4: Based on RRC signalling
· Alt-5: Based on MAC CE

Alt-4 and Alt-5 have less flexibility for the gNB to manage the COT ownership.  Alt-5 is only feasible when there is a PDSCH scheduled by the gNB (e.g. left hand side of Figure 1) and is restrictive.  Alt-3 may lead to complex specifications to define rules on which device owns the COT.  A dynamic indicator such as Alt-1 and Alt-2 would offer flexibility at the gNB and have minor specification impact.  Hence, we therefore prefer either of these alternatives.
Proposal 1: UE determines the initiator of a COT based on a DCI indicator from the gNB, i.e.:
· Alt-1: Introduce additional bit field in the scheduling DCI
· Alt-2: Based on ChannelAccess-CPext field in DCI

In RAN1#103e, there was discussion [1] on whether to allow a gNB that is sharing a UE initiated COT to schedule other UEs.  For example in Figure 2, a UE initiates a COT at time t1 and transmits a CG-PUSCH.  It then shares its COT with the gNB for HARQ-ACK feedbacks at time t3.  Here the gNB as a responding device also schedules a PDSCH to another UE.  This behaviour is useful as it allows the gNB to schedule another UE quickly without having to wait until the start of its next FFP.  In this example the gNB is able to schedule another UE at time t3 instead of time t5 (or time t7 since the UE’s COT ends at time t6) thereby reducing scheduling latency.
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[bookmark: _Ref60845317]Figure 2: gNB sharing a UE initiated COT schedules a different UE

Observation 1: It is beneficial for the gNB to be able to schedule another UE when transmitting under a UE initiated COT.

It was noted that from a regulatory point of view, a responding device can only respond to the initiating device and hence the gNB as a responding device is not allowed to schedule another UE.  However, some companies argued that this restriction is only applicable to Dynamic Channel Access and there isn’t any regulatory restriction for Semi-static Channel Access.  An alternative is to allow the UE to pass ownership of its COT to the gNB or the gNB indicates that it wants ownership of the COT.  In this way, the gNB is no longer a responding device but rather is the initiator of the COT and can therefore schedule other UEs.  For example in Figure 2, the UE can indicate in a UCI piggybacked to the PUSCH (e.g. CG-UCI) that the gNB becomes the initiator of the COT or the gNB at time t3 indicates in the DCI that it wishes to be the initiator of the COT.  Once the gNB becomes the initiator it can then schedule other UEs.
Proposal 2: Allow a UE initiated COT to be passed to the gNB so that the gNB becomes the initiator of the COT.

For CG-PUSCH that starts at the UE’s FFP boundary, three alternatives were considered for whether the UE’s transmission is based on a UE initiated COT or 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 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
· 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 a UE-initiated COT is based on gNB configuration.

For Alt-b, it suggested that the UE always assume that a CG-PUSCH is transmitted corresponding to UE initiated COT.  If the gNB has already initiated a COT then Alt-b would mean that the UE would have forced the gNB to release its COT since the UE cannot be transmitting under the gNB and UE COTs at the same time.  This may have complications for gNB scheduling since the gNB may not be able to schedule other UEs after the CG-PUSCH transmission.  For example in Figure 3, the gNB initiates a COT at time t3 and schedules UE2 with PDSCH.  At time t7 UE1 has a CG-PUSCH to transmit and if we follow Alt-b, then UE1 would transmit assuming it is the COT initiator.  At time t8, the gNB may wish to schedule another UE, i.e. UE3 after UE1’s CG-PUSCH transmission.  The gNB may not be able to do so since it is now a responding device.  Alt-a and Alt-c would not face the issue shown in Figure 3 but Alt-c offers more control for the gNB.  Hence, we have a preference for Alt-c.  The details of the configuration, e.g. dynamic or RRC can be FFS.
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[bookmark: _Ref60916103]Figure 3: UE always transmit CG-PUSCH at start of FFP according to UE initiated COT

Proposal 3: For CG-PUSCH that starts at the UE’s FFP boundary, the assumption on whether the UE’s CG-PUSCH transmission is based on a UE initiated COT or gNB initiated COT, the UE assumption on whether the configured UL transmission is allowed to correspond to UE-initiated COT is based on gNB configuration.
· FFS on details of configuration

In the previous meeting, there were proposals that the gNB needs to indicate whether a UE can initiate a COT in the next FFP or the next few FFP [2], [3], i.e. the gNB indicates using a DCI [2] whether the UE can initiate a COT in the next FFP or indicates a bitmap [3] indicating which upcoming FFPs the UE can initiate a COT in.  The need for such an indicator would increase the PDCCH overhead.  The benefit of allowing the UE to initiate a COT is to avoid the need for signaling from the gNB especially for CG-PUSH and requiring an indicator defeats the purpose of this feature.  Hence, we do not see a need for such an indication.
Proposal 4: The gNB does not need to indicate whether a UE can initiate a COT in the next few FFPs.

2.2 UE Transmission in gNB’s FFP Idle Period
In [4] & [5], it is proposed that the UE should not transmit during the gNB’s FFP Idle Period even when the UE has initiated the COT.  In [4] it is argued that since gNB’s FFPs are synchronised in a controlled environment, a UE’s transmission during a gNB’s FFP Idle Period would cause interference to other gNBs’ CCA phases which may lead to them failing their LBT and preventing them from initiating their COTs.  In [5] it is further proposed that the gNB can initiate a COT whilst the UE stops transmitting during gNB’s FFP Idle Period.  However, it isn’t clear if the UE can transmit after gNB’s FFP Idle Period.  If the UE can transmit after the gNB’s FFP Idle Period then it may cause collision with the gNB’s transmission.  For example in Figure 4, the UE initiates a COT at time t2 and transmits PUSCH1.  As per the proposal in [4] & [5], the UE does not transmit during the gNB’s FFP Idle Period between time t3 to t5.  The gNB then initiates a COT at time t5 and transmits a DCI.  If the UE is allowed to transmit after gNB’s FFP Idle Period at time t5, the UE’s transmission, e.g. PUSCH2 in Figure 4, would collide with the gNB’s transmission.  However, if the UE is not allowed to transmit after the gNB’s FFP Idle period, then the UE’s transmission opportunity can be significantly reduced, especially if the gNB’s FFP Idle Period is close to the start of the UE’s FFP and the gNB decides not to initiate a COT.
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[bookmark: _Ref60927153]Figure 4: Collision with gNB's transmission after gNB's FFP Idle Period

Observation 2: If a UE that has initiated a COT is not allowed to transmit during gNB’s FFP Idle Period and the gNB can initiate a COT after gNB’s FFP Idle Period, then we have the following issue:
· If the UE transmits after gNB’s FFP Idle Period, it may collide with gNB’s transmission if gNB decides to initiate a COT
· If the UE is not allowed to transmit after gNB’s FFP Idle Period, then the UE’s transmission opportunity may be significantly shortened if gNB decides not to initiate a COT.

One way to avoid collision with the gNB and the reduction in UE’s transmission opportunity is for the UE not to transmit for a short quiet period P, after the gNB’s FFP Idle Period and listen for possible transmission from the gNB as shown in Figure 5 between time t5 to t6.  If the gNB transmits then this means the gNB had initiated a COT and the UE would not transmit, otherwise if no transmission is detected at the UE as shown the example in Figure 5 then the gNB has not initiated any COT and the UE can transmit in the remaining portion of its COT, i.e. between time t6 to t7. 
[image: ]
[bookmark: _Ref60929646]Figure 5: Quiet period P after gNB's FFP Idle Period to monitor for gNB's transmission

Proposal 5: If UE is not allowed to transmit during gNB’s FFP Idle Period and the gNB can initiate a COT during that Idle Period, then the UE shall monitor for gNB’s transmission for a period P after gNB’s FFP Idle Period:
· If the UE detects gNB’s transmission then the UE shall not transmit in the remaining portion of its initiated COT
· Otherwise, the UE can transmit in the remaining portion of its initiated COT

2.3 UE Initiated COT in Idle Mode
Whether to support UE initiated COT for semi-static channel access in Idle Mode was discussed in previous meetings.  If a UE cannot initiate a COT in Idle Mode, then the UE can only perform a PRACH as a responding device, that is, the gNB is required to transmit in an FFP, e.g. a SIB, in order for the UE to perform a PRACH.  This will introduce unnecessary overhead.  Furthermore, such transmissions may introduce interference and may also deprive a UE in Connected Mode from initiating a COT, e.g. if the UE is performing LBT whilst the gNB is transmitting the SIB.  Hence, it is beneficial that UE initiated COT for semi-static channel access is also supported in Idle Mode.
Proposal 6: UE initiated COT for semi-static channel access is supported in Idle Mode.

3. [bookmark: _GoBack]CG-PUSCH Harmonisation
In RAN1#103e on the CG-PUSCH harmonisation issue, we have agreed to consider 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.
· Option 3: CG-UCI based procedures are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16

Option 1 restricts the UE to use either the NR-U mechanism or URLLC (i.e. licensed band) mechanism for CG-PUSCH.  Some features in NR-U can be beneficial to URLLC for example CG-DFI can be used for early termination of repetitions for URLLC without having to configure CG-UCI.  Hence we prefer a more flexible approach.  On the other hand, in Option 3, CG-UCI is always supported for unlicensed URLLC, which again is not flexible as in some circumstances it may not be required.  Option 2-a or Option 2-b offer the gNB the flexibility to configure whether to use CG-UCI and or CG-DFI.  Option 2-b is a cleaner solution compared to Option 2-a as the configuration does not rely on legacy parameters e.g. cg-RetransmissionTimer-r16.  Hence, we therefore have a preference for Option 2-b.

Proposal 7: “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.


4. Conclusion
In this contribution, we discuss some aspects of unlicensed URLLC.  We observe the following: 
Observation 1: It is beneficial for the gNB to be able to schedule another UE when transmitting under a UE initiated COT.
Observation 2: If a UE that has initiated a COT is not allowed to transmit during gNB’s FFP Idle Period and the gNB can initiate a COT after gNB’s FFP Idle Period, then we have the following issue:
· If the UE transmits after gNB’s FFP Idle Period, it may collide with gNB’s transmission if gNB decides to initiate a COT
· If the UE is not allowed to transmit after gNB’s FFP Idle Period, then the UE’s transmission opportunity may be significantly shortened if gNB decides not to initiate a COT.

We therefore propose the following:
Proposal 1: UE determines the initiator of a COT based on a DCI indicator from the gNB, i.e.:
· Alt-1: Introduce additional bit field in the scheduling DCI
· Alt-2: Based on ChannelAccess-CPext field in DCI

Proposal 2: Allow a UE initiated COT to be passed to the gNB so that the gNB becomes the initiator of the COT.
Proposal 3: For CG-PUSCH that starts at the UE’s FFP boundary, the assumption on whether the UE’s CG-PUSCH transmission is based on a UE initiated COT or gNB initiated COT, the UE assumption on whether the configured UL transmission is allowed to correspond to UE-initiated COT is based on gNB configuration.
· FFS on details of configuration

Proposal 4: The gNB does not need to indicate whether a UE can initiate a COT in the next few FFPs.
Proposal 5: If UE is not allowed to transmit during gNB’s FFP Idle Period and the gNB can initiate a COT during that Idle Period, then the UE shall monitor for gNB’s transmission for a period P after gNB’s FFP Idle Period:
· If the UE detects gNB’s transmission then the UE shall not transmit in the remaining portion of its initiated COT
· Otherwise, the UE can transmit in the remaining portion of its initiated COT

Proposal 6: UE initiated COT for semi-static channel access is supported in Idle Mode.
Proposal 7: “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.
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