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1. Introduction & Background

In the RAN1#106b-e-Meeting [1], following agreements were made for supporting UE-initiated COT for FBE mode and harmonizing UL configured-grant enhancements for URLLC/IIoT operation in unlicensed band with controlled environments:
	Agreement
In semi-static channel access mode, the configuration of energy detection threshold to perform sensing at UE is based on maxEnergyDetectionThreshold. 

· That means that in semi-static channel access mode, configuration of ul-toDL-COT-SharingED-Threshold is not applicable.
· As the consequence, energy detection threshold to perform sensing at UE is based on maxEnergyDetectionThreshold if maxEnergyDetectionThreshold is configured. Otherwise (i.e., if maxEnergyDetectionThreshold is not configured), energy detection threshold to perform sensing at UE is based on the UE maximum transmit power.
Agreement
Introduce new RRC parameters ul-AccessConfigListDCI-0-2 and ul-AccessConfigListDCI-1-2 to support indication of CP extension, LBT type, and CAPC with DCI 0_2 and 1_2 with dynamic channel access.

Agreement
In semi-static channel access mode, a DL transmission burst based on sharing of a UE initiated COT corresponding to a UE FFP, shall include scheduled DL transmission or a DCI intended for the UE that initiated that FFP. 

· A DL transmission to any other UE in the cell than the COT initiating UE and/or a broadcast transmission can be additionally included in the DL transmission burst if the gNB fulfils the following condition:

· It is gNB‘s responsibility to ensure that other UEs do not assume gNB-initiated COT based transmission for a UL transmission based on the detection of any transmission in the DL transmission burst.
Agreement

In semi-static channel access mode, for PUSCH repetition Type B: If a nominal repetition overlaps with a set of symbols in an idle period associated to gNB’s FFP in case UE shares gNB-initiated COT for the nominal repetition or associated to UE’s FFP in case UE assumes UE-initiated COT for the nominal repetition, all the symbols in the idle period should be considered as invalid symbols which are not considered for an actual repetition as in Rel-16.

· Segmentation before and/or after the idle period is applied when applicable.

· FFS on impact of processing timeline for PUSCH on the UE behaviour

Agreement

In semi-static channel access mode, for PUSCH repetition Type B, orphan symbol(s) are dropped as in Rel-16
Agreement
Support configuration of harq-ProcID-Offset2 for operation in unlicensed spectrum when the cg-RetransmissionTimer-r16 is not configured.

Agreement
The following RRC parameters are NOT needed when cg-RetransmissionTimer is configured for CG operation with shared spectrum channel access.

· pusch-RepTypeIndicator

· startingFromRV0

Agreement
The RRC parameter of phy-PriorityIndex is applicable for CG operation in unlicensed band.
Agreement
In semi-static channel access mode for a UE which is allowed to operate as an initiating device, CG-StartingOffsets is not applicable.

· Note: That is, CG-StaringOffsets is not applicable at all for a UE configured with UE FFP parameters (e.g. period, offset) regardless whether the UE would initiate its own COT or would share gNB’s COT.
Agreement
When performing Intra-UE multiplexing procedure, if a PUCCH with HARQ-ACK overlaps with a CG-PUSCH and the cg-RetransmissionTimer is configured:
· If the HARQ-ACK and the CG-PUSCH have the same priority and the CG-PUSCH is selected for HARQ-ACK multiplexing:

· If cg-UCI-Multiplexing is enabled for that CG-PUSCH, HARQ-ACK would be multiplexed in CG-PUSCH.
· Otherwise, CG-PUSCH would be dropped.
· If the HARQ-ACK and the CG-PUSCH have different priority and the CG-PUSCH is selected for HARQ-ACK multiplexing:

· If multiplexing HARQ-ACK on the CG-PUSCH with different priroity is not indicated, 

· The LP channel between PUCCH or CG-PUSCH would be dropped as in Rel-16.
· If multiplexing HARQ-ACK on the CG-PUSCH with different priroity is indicated, 
· If cg-UCI-Multiplexing is enabled for that CG-PUSCH, HARQ-ACK would be multiplexed in CG-PUSCH.
· Otherwise, the LP channel would be dropped.



In this contribution, we discuss remaining issues on the channel access mechanisms for UE initiated COT with FBE. 
2. Enhanced channel access mechanisms
Based on the progress so far, the remaining issues for UE-initiated COT for FBE to support URLLC in unlicensed band with controlled environment will be discussed in the following sections.
1.1. Configured UL transmission in FBE mode
In the RAN1#105-e meeting [2], Alt-a has been agreed to determine if a UE can transmit with UE-initiated COT when the CG UL transmission resources are aligned with a UE’s FFP boundary. However, Alt-a is still not clear enough regarding the definition of “confine”. 
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
The understanding of the agreement needs further clarification. The definition of the confined transmission is not clear from frequency domain perspective. When transmitting in wideband with more than one RB set, the “confine” should also consider the frequency domain impact, which is discussed in section 2.2.  
Regarding the issue of misunderstanding between gNB and UE if there is a misdetection of the gNB-initiated COT. For example, if gNB has initiated a COT, but UE did not detect it, UE will initiate its own COT. However, gNB assumes that UE shares the gNB-initiated COT as shown in Figure 1. If there is another CG UL transmission coming at a later time, UE will transmit it in its own COT, but gNB will not perform detection during that time since it is outside the gNB-initiated COT. Therefore, it is beneficial to validate the COT for each UL transmission. A straightforward way is to indicate explicitly with dedicated signalling. that if the CG transmission is performed within the UE-initiated COT or sharing gNB’s COT. E.g., by introducing a new signaling or reusing the existing signaling such as CG-UCI to include COT initiating information. If new signalling is introduced, only 1 bit is required to indicate if the UL transmission is transmitted within the UE-initiated COT. If CG-UCI is used, there is no need to introduce new field, “COT sharing information” field can be reused. The COT initiator can be included explicitly or implicitly in the “cg-COT-SharingList”. Using existing CG-UCI has almost no spec impact. When UE and gNB have common understanding on the COT initiator, the CG transmission with PUSCH repetition Type B can be correctly segmented according to the idle period of the currently used FFP.  
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Figure 1 misunderstanding between gNB and UE
Observation 1: For CG transmission, Alt-a will cause misunderstanding between the gNB and the UE on the COT-initiator due to factors such as miss detection.
Proposal 1: The COT initiator information should be included in the CG UL transmission.
1.2. Wideband operation

In previous agreements regarding the COT initiator indication or determination for DG PUSCH or CG PUSCH transmission, it only discusses the COT initiator with respect to the time domain transmission. However, we think these agreements also apply to the COT initiator with respect to the frequency domain transmission, i.e., when gNB indicates a COT initiator, or UE determines a COT initiator, it applies to the transmission over all the scheduled or configured frequency resources. When operating in a bandwidth with more than one RB set, the gNB or UE should transmit a transmission at a given time within only one COT. That is to say, if gNB or UE transmits on multiple RB sets, for each transmission, it should be transmitted within either gNB-initiated COT or UE-initiated COT. A single transmission across different RB sets cannot be transmitted across different COTs. As shown in Figure 2, only RB set 1 is available for gNB, if UE wants to transmit PUSCH1, UE should initiate its own COT, no matter for CG PUSCH or DG PUSCH. For DG PUSCH, gNB will indicate the COT initiator, it cannot indicate two COT initiators for one PUSCH1, i.e., indicate the UE to transmit in both gNB-initiated COT (RB set1) and UE-initiated COT (RB set2). In order to transmit PUSCH1 over two RB sets, gNB should indicate UE to initiate the COT. For CG PUSCH, UE will determine if gNB has initiated a COT, since the frequency resources for PUSCH1 is out of the range of available RB sets for gNB, UE assumes that gNB has not initiated a COT over RB set 1 and RB set 2. UE will the initiate the COT for transmission.
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Figure 2 wideband operation

Proposal 2: Each wideband transmission should be transmitted within a single COT.

Proposal 3: The COT initiator should be aligned across all RB sets which channels are sensed as idle.
1.3. Control of initiated COT
In RAN1#106b meeting, it has been discussed on the COT-ownership for multiple transmissions. Some basic principles have been proposed, and set A is copied as below:
Set A:

1. Any transmission is associated to an FFP with an owner that can initiate the corresponding COT.

2. For a transmission burst that includes multiple transmissions, the associated COT-ownership for all transmissions in the transmission burst is the same.

3. COT-ownership is per transmission burst.
a. Associated COT-ownership for any two transmission bursts within an FFP (UE-FFP or gNB-FFP) can be same or different.

4. For a transmission burst that includes multiple transmissions, if sensing is applicable for the 1st transmission, the following is applied:

a. For the 1st transmission that is applicable for sensing, if the sensing fails that transmission is dropped and the sensing would be applicable to the next transmission in the burst, if any.

b. For the 1st transmission that is applicable for sensing, if the sensing succeeds that transmission occurs and no sensing would be applicable to the remaining transmissions in the burst, if any.

The principle in Set A states that COT-ownership is per transmission burst for all the transmissions. When it comes to configured UL transmissions, we would like to clarify the multiple CG UL transmissions as shown in Figure 3. CG PUSCH1 and CG PUSCH2 are back-to-back transmissions. According to the principle, UE determines the COT-ownership for CG PUSCH1 and CG PUSCH2 together, then, the transmission burst is not confined within the gNB-initiated COT, and UE transmits CG PUSCH1+CG PUSCH2 in the UE-initiated COT. In this way, no transmission will be dropped or segmented. 
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Figure 3 COT ownership for CG UL transmission 
In current draft spec TS 37.213, which states as below

· If the configured UL transmission(s) would occur at the beginning of a period of duration [image: image5.png]


  and would end before the idle duration corresponding to that period, the following is applied:
· If the configured UL transmission(s) would occur within a period of duration [image: image7.png]


 and would end before the idle duration corresponding to that period and if the UE has already determined that the gNB has initiated a channel occupancy in that period as described in Clause 4.3.2.1, the UE assumes that the configured UL transmission(s) is associated with a channel occupancy that is initiated by the gNB.

· Otherwise, the UE assumes that the configured UL transmission(s) is associated with a channel occupancy to be initiated by the UE.

The understanding from editor per email discussion is that, even if UE has already determined that the gNB has initiated channel occupancy, but the configured UL transmission(s) occur within a period of duration[image: image9.png]


 and would overlap with the idle duration corresponding to that period, UE assumes that the configured UL transmission(s) is associated with a channel occupancy to be initiated by the UE,
Proposal 4: Confirm that the COT-ownership for CG UL transmission is per transmission burst.

1.4. Processing timeline
In RAN1#106b meeting, questions on the processing timeline were raised when discussing the segmentation for PUSCH repetition Type B. It was argued that the dynamic determination regarding the COT initiator may not satisfy the processing timeline needed for PUSCH, which would cause problem for UE implementation. However, we think the processing timeline is a general issue from UE implementation perspective. It impacts not only on segmentation in case of PUSCH repetition Type B, but also on all the UL transmission with cancellation by DCI. If the processing timeline can fulfil the requirements for other UL transmissions with cancellation by DCI, it can also fulfil the requirements for UL transmissions with dynamic COT initiator determination.
Observation 2: Processing timeline is not an issue for UL transmissions when determining the COT initiator dynamically.
3. Conclusion

In this contribution, we discussed potential enhancements to channel access mechanism for URLLC/IIoT in unlicensed spectrum. The following observations and proposals are given:
Observation 1: For CG transmission, Alt-a will cause misunderstanding between the gNB and the UE on the COT-initiator due to factors such as miss detection.

 Proposal 1: The COT initiator information should be included in the CG UL transmission.
Proposal 2: Each wideband transmission should be transmitted within a single COT.
Proposal 3: The COT initiator should be aligned across all RB sets which channels are sensed as idle. 
Proposal 4: Confirm that the COT-ownership for CG UL transmission is per transmission burst.
Observation 2: Processing timeline is not an issue for UL transmissions when determining the COT initiator dynamically.
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