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1. Introduction
In this contribution, we provide discussions on potential enhancements for unlicensed band URLLC/IIoT. According to the agreements in RAN plenary #88e [1], the scope of uplink enhancement for URLLC in unlicensed controlled environments is confined to 1) specify support for UE-initiated COT for FBE with minimum specification effort; 2) harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum.　To our understanding, under the unlicensed controlled environment, interference from other systems is considerably controllable/sporadic and thus collisions and/or interference have much less impact on the implementation of URLLC/IIoT. It has been discussed that the combination of UE-initiated COT for FBE and UL configured-grant could further enhance uplink latency performance under such controlled environment. For instance, the waiting time before the UE transmits PUSCH can be reduced since that the UE does not need to wait for the gNB scheduling uplink transmission after seizing the channel. Targeting at such operation is reasonable for URLLC in unlicensed controlled environments, based on which the following detailed discussions are expanded.

Definitions and notations:
· FFP (fixed frame period): Tx = Period in ms, as defined in TS37.213 Clause 4.3.
· IP (idle period): Tz = max(0.05Tx, 100us), as defined in TS37.213 Clause 4.3.
· COT (channel occupancy time): the total time for which gNB/UE and any gNB/UE(s) sharing the channel occupancy perform transmission(s) on a channel after a gNB/UE performs the corresponding channel access procedures, as defined in TS37.213 Clause 4.0.
· FFP-g: FFP configured for gNB; FFP-u: FFP configured for UE;
· IP-g: idle period of FFP-g; IP-u: idle period of FFP-u;
· COT-g: gNB-initiated COT; COT-u: UE-initiated COT.

2. SS/PBCH block transmission in FBE mode with UE FFP configuration
We believe that the basic functional framework for adopting UE FFP has been formed based on achieved agreements during previous meetings [2]. Thus, the consequent work is to further improve the overall system, in addition to the basic functionalities.

Based on the current gNB FFP + UE FFP framework, periodicity of UE FFP could be different from that of gNB FFP and idle periods could be misaligned between gNB FFP and UE FFP. Then, it is unavoidable that a UE initiated COT in a UE FFP occupies the channel access opportunities for important DL transmission, e.g., SS/PBCH block transmission which is more essential from the overall system perspective point of view. For example, as illustrated in Figure 1, even though the gNB have the chance to share the UE initiated COT for SS/PBCH block transmission, only the first SS/PBCH block can be transmitted. Thus, although the proposal of ceasing UL transmissions during gNB idle period is controversial according to the previous discussions, we believe that at least providing some protections to important DL transmissions such as SS/PBCH block transmission is still necessary and beneficial.
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Figure 1: SS/PBCH block transmission overlaps with UL transmissions.

Observation 1: Mechanisms should be introduced to protect important DL transmissions and the corresponding channel access opportunities, especially for SS/PBCH block transmission.

For most cases even that in shared spectrum operation, gNB is able to control the scheduling such that SS/PBCH block transmission can be prioritized. However, there are potential cases where gNB does not have full control. For example, as shown in Figure 1, a UE COT has been initiated before the SS/PBCH block transmission. As agreed in RAN1 106bis-e meeting, gNB can share the initiated UE COT to transmit the SS/PBCH blocks. Then the problem is that gNB can only transmit a portion of SS/PBCH blocks before the idle period of UE FFP, e.g., only one SS/PBCH block can be transmitted as shown in Figure 1. To cope with this problem, several solutions including the follows can be considered:
· Option 1: Disable the UE FFP that overlaps with a gNB idle period after which SS/PBCH block would be transmitted.
· Option 2: UE may initiate a UE COT within the UE FFP that overlaps with a gNB idle period after which SS/PBCH block would be transmitted. UL transmission are stopped before the gNB idle period, e.g., by scheduling, dynamic cancellation, etc.

Obviously, Option 1 provides firm protection for SS/PBCH block transmission in a semi-static way, which is robust against DCI misdetection and simplifies gNB scheduling. Thus, we make the following proposal.

Proposal 1: To provide protection to SS/PBCH block transmission in FBE mode with UE FFP configuration, a potential solution is to disable the UE FFP that overlaps with a gNB idle period after which SS/PBCH block would be transmitted.


3. UE’s determination of gNB-initiated COT
In RAN1#105-e, the following agreement was made in terms of whether configured UL transmission should belong to UL-initiated COT or gNB-initiated COT. According to the agreement, to satisfy the condition “the UE has already determined that gNB is initiated that gNB FFP” is essential to determine that the configured UL transmission belongs to the gNB-initiated COT. In other words, if the UE has not determined that the gNB initiated the COT, the UE always assumes that the configured UL transmission initiates the UE’s COT.

	Agreement:
In semi-static channel access mode when a UE can operate as UE-initiated COT,
· 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:
· 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




At the same time, for the UE that has not determined that the gNB initiated the COT, the following is the only metric for the determination of the gNB-initiated COT that has been agreed and captured in the draft CR to TS37.213 so far. However, it is still not clear whether or not there is any other case that the UE determines that the gNB initiated the COT, e.g., whether a DL transmission burst detection at the beginning of the gNB FFP is used for the determination of the gNB-initiated COT at the UE side. In our view, it is not necessary to define any other metric to determine that the gNB initiated the COT, because the UE is not aware of whether the DL transmission initiated the gNB’s COT or the DL transmission belongs to the UE’s COT.
	Agreement:
In semi-static channel access mode when a UE can operate as initiating device,
· To determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT:
· 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



Based on the above, it is suggested that, for the UE configured with ue-SemiStaticChannelAccessConfig and that has not determined that the gNB initiated the COT, any DL transmission burst detection except for the reception of the DCI in which the corresponding field(s) indicates “sharing a gNB-initiated COT” does not lead to the UE’s decision that the gNB initiated the COT.

Proposal 2: For the UE configured with ue-SemiStaticChannelAccessConfig, any DL transmission burst detection except for the reception of the DCI in which the corresponding field(s) indicates “sharing a gNB-initiated COT” does not lead to the UE’s decision that the gNB initiated the COT.


4. Conclusion
[bookmark: _References]In this contribution, we provide the following proposals:
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Observation 1: Mechanisms should be introduced to protect important DL transmissions and the corresponding channel access opportunities, especially for SS/PBCH block transmission.
Proposal 1: To provide protection to SS/PBCH block transmission in FBE mode with UE FFP configuration, a potential solution is to disable the UE FFP that overlaps with a gNB idle period after which SS/PBCH block would be transmitted.
Proposal 2: For the UE configured with ue-SemiStaticChannelAccessConfig, any DL transmission burst detection except for the reception of the DCI in which the corresponding field(s) indicates “sharing a gNB-initiated COT” does not lead to the UE’s decision that the gNB initiated the COT.
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