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1 Introduction

In R1 #103 e-meeting, some of the agreements made for R17 URLLC/IIoT were,

Agreements:

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

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.
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.

· Note: Any value for the period, shall be at least 1ms and at most 10ms.

· 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.
In this contribution, we discuss issues on UE initiated COT for FBE for URLLC on unlicensed band.  
2 Discussion
2.1 FFP configuration for UE and gNB
Last meeting, it was agreed that in semi-static channel access mode, FFP Period for UE-initiated COT is separately provided from FFP period for gNB-initiated COT. But still some controversy on whether there should be some dependence between the FFP configurations of UE and gNB. If separate configuration is provided, possible cases includes the following, 
Case 1, gNB and UE have the same FFP configuration. 

Case 2, gNB and UE have partially overlapping FFP configurations. 

Case 3, gNB and UE have non-overlapping FFP configurations. 

Case 1/2 has overlapping UE COT and gNB COT in time domain, which may seems complex for gNB to coordinate DL/UL transmission, but if the DL/UL transmission are operating on different LBT bandwidths, similar to FDD, then it is quite a simple case for gNB to manage. And to facilitate such FDD operation, for multiple LBT bandwidths scenarios, gNB can configure some LBT bandwidth as only for DL and some other LBT bandwidth as only for UL. Case 3 has non-overlapping UE COT and gNB COT in time domain, thus is suitable for DL/UL operation like TDD on a single LBT bandwidth.
From our view, all the three cases are applicable for different scenarios, so each of them has its use case thus should be supported. We don’t see there’s a need to restrict or set dependence between the FFP configurations of gNB and UE.  
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Case 1, gNB and UE have the same FFP configuration.
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Case 2, gNB and UE have partially overlapping FFP configurations.
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Case 3, gNB and UE have non-overlapping FFP configurations.
Proposal 1: No need to restrict or set dependence between the FFP configurations of gNB and UE.
2.2 COT sharing
It was agreed in last meeting that UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us is supported, the case of which is also supported in regulation EN-301893. However additional conditions still existed. In EN-301893, it says, the responding device that does not proceed with such transmissions within 16 μs after the last transmission from the initiating device that issued the grant, shall perform CCA on the operating channel during a single observation slot within a 25 μs period ending immediately before the granted transmission time. If energy was detected with a level above the ED threshold level, the responding device shall withdraw the transmission. Otherwise, the responding device shall start the transmission.

So similar restriction may also need to be considered for FBE on NR-U. In the case of UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us, gNB shall perform an additional CCA on the operating channel during a single observation slot. Only when energy was detected with a level below the ED threshold level, gNB can start the transmission.

Proposal 2: In the case of UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us, gNB shall perform an additional CCA. Only when energy was detected with a level below the ED threshold level, gNB can start the transmission.
It is agreed in last meeting that, 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. But whether or not there is additional restriction on idle period is still FFS. A related question would be, if the shared COT falls in the idle duration of the FFP configured for UE, can UE still transmit in that shared COT?
Fig.4 illustrate the COT sharing case. When gNB and UE has independent FFP configurations, it is possible that the idle periods of them are not aligned. When gNB initiates a COT, gNB can share its COT to UE. Our understanding is that UE can still transmit in the shared COT even if it collides with the idle period of FFP configured for the UE, since at this situation, UE works as a respond device and the FFP configured for the UE is only effective when the UE works as an initiating device. And the same principle would also apply to gNB when it shares COT from UE.
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Fig.4 Shared COT collides with idle period of configured FFP
Proposal 3: A responding device can still transmit in the shared COT even if the shared COT collides with the idle period of FFP configured for the responding device.
In R16 NR-U, COT sharing is indicated by the initiating device to the responding device. If a UE initiates a COT, only the UE itself can determine whether to share its COT to gNB. From our opinion, to facilitate better control of the network, it is beneficial to also enable gNB to indicate a UE which initiates a COT to share channels to the gNB. If a UE working as initiating device receives such a COT sharing command from the gNB, it will share its COT to gNB as indicated.
Proposal 4: Further studied how to enable gNB to indicate a UE which initiates a COT to share channels to the gNB.
2.3 UE initiating COT for FBE
To conform to the unlicensed band regulation, UE needs to transmit immediately at the beginning of the FFP if it acquires the channel successfully. That means the starting point of FFP should be aligned with the starting point of UL channels, otherwise some padding UL signals will be needed at the beginning of FFP or UE will give up this FFP. Considering the periodicity of FFP, it is better that gNB can configure periodical UL channels, such as CG-PUSCH, at the beginning of FFP, so that UE can start a COT successfully.

Observation 1: Configuring periodical UL channels, such as CG-PUSCH, at the beginning of FFP, will facilitate UE to initiate a COT successfully.
In current FBE regulation, multiple UL channels may be contained in a UE initiated COT and gaps exist between them. If the gap>16 us, then additional CCA is needed immediately before the UL channel after the gap. However, if the additional CCA failed, UE will not be able to transmit channels after the gap. Hence performance degrading especially when URLLC service carried on the dropped channels. To guarantee continuous channel occupation, padding signals or repetition of transmitted channels may be needed to fill the gaps between multiple UL channels in a UE initiated COT. 
Proposal 5: To guarantee continuous channel occupation, padding signals or repetition of transmitted channels may be needed to fill the gaps between multiple UL channels in a UE initiated COT.
2.4 Association between scheduled UL transmission and UE/gNB’s COT
It was agreed in last meeting that, 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. And several alternatives are proposed for determine the association between the scheduled UL transmission and gNB/UE COT. 
Here we just want to point out one special case, that is, when the scheduled UL transmission is HARQ-ACK for a PDSCH, and both the HARQ-ACK PUCCH and the PDSCH are within the same COT of the gNB. In EN 301-893, it is specified, the equipment, upon correct reception of a packet which was intended for this equipment, can skip CCA and immediately proceed with the transmission of management and control frames (e.g. ACK and Block ACK frames). A consecutive sequence of such transmissions by the equipment, without it performing a new CCA, shall not exceed the MCOT. So to align with ETSI regulation in NR-U, UE can also transmit HARQ-ACK feedback for a PDSCH according to the shared gNB COT as long as the HARQ-ACK is within the same COT containing the PDSCH.
Proposal 6: UE transmits HARQ-ACK feedback for a PDSCH according to the shared gNB COT as long as the HARQ-ACK is within the same COT containing the PDSCH.
3 Conclusions

In this contribution, we discuss issues on UE initiated COT for FBE for URLLC on unlicensed band.  
Proposal 1: No need to restrict or set dependence between the FFP configurations of gNB and UE.
Proposal 2: In the case of UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us, gNB shall perform an additional CCA. Only when energy was detected with a level below the ED threshold level, gNB can start the transmission.
Proposal 3: A responding device can still transmit in the shared COT even if the shared COT collides with the idle period of FFP configured for the responding device.
Proposal 4: Further studied how to enable gNB to indicate a UE which initiates a COT to share channels to the gNB.
Observation 1: Configuring periodical UL channels, such as CG-PUSCH, at the beginning of FFP, will facilitate UE to initiate a COT successfully.
Proposal 5: To guarantee continuous channel occupation, padding signals or repetition of transmitted channels may be needed to fill the gaps between multiple UL channels in a UE initiated COT.
Proposal 6: UE transmits HARQ-ACK feedback for a PDSCH according to the shared gNB COT as long as the HARQ-ACK is within the same COT containing the PDSCH.
References
PAGE  
2/4

FFP
Idle duration
Observation slot
COT
gNB
FFP
Idle duration
Observation slot
COT
UE



FFP
Idle duration
Observation slot
COT
gNB
FFP
Idle duration
Observation slot
COT
UE



gNB FFP
UE FFP
COT
Idle period
COT sharing from gNB to UE
Shared COT colliding idle period



FFP
Idle duration
Observation slot
COT
gNB
FFP
Idle duration
Observation slot
COT
UE



