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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#104-e we agreed the following:
Agreement:
· PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG
· FFS whether/how to enhance

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)

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.

Agreement:
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.


This contribution discusses some considerations on unlicensed band operation for URLLC.
[bookmark: _Hlk68192600]
2. UE Initiated COT

2.1 UE transmission during gNB’s FFP Idle Period
In [1] it is proposed that the UE should not transmit during the gNB’s FFP Idle Period even when the UE has initiated the COT for fair co-existence in FBE.  It was 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.  The following are the options proposed in the last meeting on this issue [2]:
· 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.
· Alt-3: As an initiating device, “by default” the UE 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.
Fair coexistence in FBE can be managed by careful network planning and deployment, therefore restricting the UE transmission as proposed in Alt-1 and Alt-3 are not required.  Alt-1 would limit the UE transmission opportunity since the UE’s COT length is reduced, which defeats the purpose of introducing UE COT initiation in FBE.  Furthermore, such restriction may disrupt a UE’s uplink transmission that overlaps the gNB’s FFP idle period.
Observation 1: Restricting a UE from transmitting in any FFP associated with the serving gNB unnecessarily limits the UE’s transmission opportunities and may disrupt a UE’s uplink transmission that overlaps the gNB’s FFP idle period.

Alt-3 proposed that whether the UE can transmit during gNB’s FFP idle period can be RRC configured.  It should be appreciated that this can already be achieved by configuring the symbols overlapping the gNB’s FFP idle period as semi-static DL symbols.  This therefore would prevent any UE from transmitting during that idle period.  An example is shown in Figure 1, where at time t2, the UE initiated a COT between time t2 to t7 but the UE is not able to transmit during the gNB’s FFP idle period between time t3 to t5, since those symbols are configured as semi-static DL symbols.  Hence, there is no need to introduce additional RRC configuration for this purpose.  Therefore, our preference is not to restrict the UE transmission during a gNB’s FFP idle period.

[image: ]
[bookmark: _Ref68182371]Figure 1: Semi-static DL symbols to prevent UE from transmitting

Observation 2: There is no need to introduce RRC configuration to enable/disable UE transmission during gNB’s FFP idle period since the symbols overlapping the gNB’s FFP idle period can be configured as DL symbols to prevent any UE from transmitting there using existing mechanism.
Proposal 1: As an initiating device, the UE is allowed to transmit during the idle period of any FFP associated with the serving gNB.

2.2 COT Initiator
In the previous meeting, we discussed methods for the UE to determine whether an uplink transmission should be transmitted under a gNB initiated COT or under a UE initiated COT, especially for cases where the uplink transmission starts at the UE’s FFP [2].  The scenarios considered were for scheduled uplink transmission and configured uplink transmission.

2.2.1 COT Initiator – Scheduled Uplink Transmission
For scheduled uplink transmission, e.g. a PUCCH or PUSCH scheduled by a DL Grant or an UL Grant, the scenarios under consideration are shown in the example in Figure 2, where the gNB has initiated a COT at time t2 and either transmits a DL Grant (left hand side of the Figure 2) or an UL Grant (right hand side of the Figure 2) 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.  
[image: ]
[bookmark: _Ref60830187]Figure 2: Scheduled UL transmission

The following alternatives were considered in RAN1#104e [2]:
· 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
Alt-b may lead to complex specification impact to define rules on COT ownership and offers no flexibility.  In contrast Alt-a uses a COT ownership indicator which is simple to implement and offers scheduling flexibility to the gNB.  The COT ownership indicator can be 1 bit field or based on the existing ChannelAccess-CPext field in the DCI.  This DCI field should be configured when the UE is configured to initiate its own COT.
Proposal 2: The UE determines the COT initiator based on an indication in the scheduling DCI.  A UE that is configured to enable COT initiation is also configured with a COT ownership indicator in the scheduling DCI.

2.2.2 COT Initiator – Configured Uplink Transmission
For CG-PUSCH that starts at the UE’s FFP boundary, the following two alternatives were considered in the previous meeting for determining whether the UE’s transmission is based on a UE initiated COT or gNB initiated COT [2]:
· 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 suggests that the UE always assumes 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 t6 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 t7, 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.  In contrast, Alt-a would not face the issue shown in Figure 3 and so we have a preference for Alt-a.
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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 a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, the COT initiator is determined as follows:
· 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


2.3 COT Cancellation
It was agreed that a gNB sharing a UE initiated COT is not allowed to schedule another UE as per regulations.  However, it may be beneficial for a gNB under a UE initiated COT to be able to schedule another UE for URLLC traffic, i.e. that has very low latency.  One way to do this is to allow the gNB to dynamically cancel a UE initiated COT.  An example is shown in Figure 4, where the UE initiates a COT at time t1 and proceeds to transmit a PUSCH.  After the PUSCH transmission, the gNB needs to schedule a URLLC PDSCH to another UE and here it sends a cancellation to the UE that initiated the COT so that it can now schedule another UE for PDSCH (or PUSCH) carrying URLLC traffic.  If the gNB cannot cancel the UE initiated COT, it has to wait till the UE’s COT ends at time t7 before it could schedule another UE and may even have to wait till time t8 so that it could initiate a COT.
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[bookmark: _Ref68195167]Figure 4: UE COT cancellation

Observation 3: It is beneficial for flexibility and latency purposes that the gNB is able to schedule another UE when transmitting under a UE initiated COT.

There are proposals to reuse the SFI GC-DCI to cancel a UE COT [3].  There are drawbacks in using this method:
· The SFI can only change Flexible Symbols and so those symbols that are already configured as semi-static UL symbols cannot be cancelled.
· The SFI would prevent other UEs from initiating a COT since it changes the entire OFDM symbol and therefore cannot target a specific UE
· If the SFI cancels a UE COT by turning the Flexible Symbols to DL symbols then the gNB cannot use these symbols to schedule another UE for uplink transmissions thereby reducing gNB scheduler flexibility
An easier approach is a single bit indicator to the UE that has initiated a COT.  The details of this COT cancellation indicator can be FFS.
Observation 4: Using Dynamic SFI to cancel a UE COT has limited scope since only Flexible symbols can be changed, it prevents other UEs from initiating a COT and it reduces gNB scheduler flexibility.
Proposal 4: Allow the gNB to cancel a UE initiated COT.  A COT cancellation indicator can be introduced to dynamically indicate to a UE to cancel its initiated COT. 

2.4 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 of a chance to initiate 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.  The UE FFP parameters in Idle Mode can be signaled in the SIB.
Observation 5: The gNB needs to transmit in an FFP so that Idle Mode UE can perform a PRACH.  Such transmissions may introduce interference and deprive UEs in Connected Mode from initiating a COT.
Proposal 5: UE initiated COT for semi-static channel access is supported in Idle Mode.
Proposal 6: The UE FFP configurations in Idle Mode is signaled in the SIB.


3. CG-PUSCH Harmonisation
The following options were considered since RAN1#103e regarding CG-PUSCH harmonization:
· 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

In RAN1#104e, it was noted that Option 1 was “RAN2’s perspective” [2].  However, we and some companies in RAN1 understand that this was RAN2’s views and that RAN1 is supposed to make its own decision on the best option to improve the CG-PUSCH harmonization.  
Regarding the options, 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: Restricting a UE from transmitting in any FFP associated with the serving gNB unnecessarily limits the UE’s transmission opportunities and may disrupt a UE’s uplink transmission that overlaps the gNB’s FFP idle period.
Observation 2: There is no need to introduce RRC configuration to enable/disable UE transmission during gNB’s FFP idle period since the symbols overlapping the gNB’s FFP idle period can be configured as DL symbols to prevent any UE from transmitting there using existing mechanism.
Observation 3: It is beneficial for flexibility and latency purposes that the gNB is able to schedule another UE when transmitting under a UE initiated COT.
Observation 4: Using Dynamic SFI to cancel a UE COT has limited scope since only Flexible symbols can be changed, it prevents other UEs from initiating a COT and it reduces gNB scheduler flexibility.
Observation 5: The gNB needs to transmit in an FFP so that Idle Mode UE can perform a PRACH.  Such transmissions may introduce interference and deprive UEs in Connected Mode from initiating a COT.

[bookmark: _GoBack]We therefore propose the following:
Proposal 1: As an initiating device, the UE is allowed to transmit during the idle period of any FFP associated with the serving gNB.
Proposal 2: The UE determines the COT initiator based on an indication in the scheduling DCI.  A UE that is configured to enable COT initiation is also configured with a COT ownership indicator in the scheduling DCI.
Proposal 3: For a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, the COT initiator is determined as follows:
· 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

Proposal 4: Allow the gNB to cancel a UE initiated COT.  A COT cancellation indicator can be introduced to dynamically indicate to a UE to cancel its initiated COT. 
Proposal 5: UE initiated COT for semi-static channel access is supported in Idle Mode.
Proposal 6: The UE FFP configurations in Idle Mode is signaled in the SIB.
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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