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In RAN #86 meeting, a new WID for Rel-17 “Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR” was agreed, and it was revised in RAN #88e meeting finalizing the scope of supporting unlicensed operation [1]. The objective of the revised WID includes the following:
Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
0.  Specify support for UE-initiated COT for FBE with minimum specification effort
0.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum

 In this contribution we discuss further enhancements required to enable efficient support of URLLC in unlicensed spectrum.
ETSI specifications [2]
Frame Based Equipment shall implement a Listen Before Talk (LBT) based Channel Access Mechanism to detect the presence of other RLAN transmissions on an Operating Channel.
Frame Based Equipment is equipment where the transmit/receive structure has a periodic timing with a periodicity equal to the Fixed Frame Period. A single Observation Slot as defined in clause 3.1 and as referenced by the procedure in clause 4.2.7.3.1.4 shall have a duration of not less than 9 μs.
A device that initiates a sequence of one or more transmissions is denoted as the Initiating Device. Otherwise, the device is denoted as a Responding Device. Frame Based Equipment may be an Initiating Device, a Responding Device, or both.
Immediately before starting transmissions on an Operating Channel at the start of a Fixed Frame Period, the Initiating Device shall perform a Clear Channel Assessment (CCA) check during a single Observation Slot.

Agreements
During RAN1 #106bis-e meeting [3], the group agreed on additional details of UE initiated COT for semi-static channel access.  
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
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
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
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
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 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.
Discussions
Impact of processing timeline for PUSCH on the UE behavior
Based on the agreement in RAN1#106bis, all the symbols in the idle period should be considered as invalid symbols, which are not considered for an actual PUSCH Repetition Type B as in Rel-16. Segmentation before and/or after the idle period is applied when applicable. The segmentation itself would need to be done dynamically according to actual COT initiator.
For PUSCH repetition Type B, time domain resource assignment (TDRA) field in DCI or the TDRA parameters in the Type 1 configured grant (CG) indicates the resource for the first “nominal” repetition. The time domain resources for the remaining repetitions are derived based on the resources for the first repetition and UL/DL direction of symbols i.e. invalid symbols. If a “nominal” repetition goes across the slot boundary or DL/UL switching point, the “nominal” repetition is segmented at the slot boundary or the switching point into multiple PUSCH repetitions. Therefore, the actual number of repetitions can be larger than the nominal number.
For DG PUSCH with PUSCH repetition type B, if dynamic slot format indicator (SFI) is configured, two new RRC parameters are configured. The first one is to indicate a pattern of the invalid symbols for PUSCH transmission applicable to both DCI format 0_1 and 0_2. The second one for each DCI format 0 1 and 0 2 is to inform a presence of an additional bit in DCI to indicate whether the pattern configured is used or not therefore the segmentation of PUSCH repetition Type B satisfies the T_proc,2 timeline. This means that after receiving the DCI, the UE has is not expected to do segmentation prior to the processing delay T_proc,2. 
To avoid the collisions between UL transmissions with CG PUSCH repetition Type B, a mechanism of UL cancelation is defined, where the UL cancellation indication is provided in the Group Common DCI. A minimum processing time for UL cancellation is defined. However, The UE does not expect to cancel the PUSCH transmission or the SRS transmission before a corresponding symbol that is  assuming that  after a last symbol of a CORESET where the UE detects the DCI format 2_4. Therefore, a UE needs at least T_proc,2 before being able to do a segmentation.

                                    

The segmentation for the PUSCH Repetition Type B around the idle period the DL transmission can be potentially detected any time and it may not satisfy the T_proc,2 timeline, in which case the UE may not have sufficient time to restart the PUSCH repetition Type B processing.
Consider the UE CG segmentation around the gNB idle period. UE knows when to start the segmentation and how long the segmentation is before the idle period, however after the idle period the UE must determine that gNB started a GNB initiated COT to restart segmentation. Therefore, the segmentation cannot restart before the T_proc,2 after gNB transmission that initiates COT. gNB may use the DCI format 2_4 to initiate a new COT and cancel the repetition if necessary. 
If UE cannot determine that a gNB initiated COT was started, the UE may initiate a UE COT and complete the repetition if the conditions of UE initiated COT are satisfied. 

Proposal 1: If UE perform a PUSCH Repetition Type B in a gNB initiated COT, the UE segmentation around the idle period can restart after UE determines that gNB initiated a new FFP no earlier than T_proc,2 from gNB DL transmission providing that there is no collision with a prior scheduled UL transmission.

Proposal 2: If UE cannot determine that a gNB initiated COT was started, the UE may initiate a UE COT to complete the repetition Type B segmentation if the conditions of UE initiated COT are satisfied. If the conditions for UE COT initiation are not satisfied the repetition is dropped.

... 

COT-alignment on Wideband operations in section 2.6
In wideband operation before the UE can perform a transmission and decide whether to operate as initiating or responding device, it must assess whether the channel access requirements are met over all the RBs. Therefore, is preferred that all RBs are aligned in time, and they have the same COT initiator indication or determination.
Proposal 3: For wideband operation align COT-initiator assumption for multiple channels, carriers or LBT BWPs contained in a cell.
The following proposal is a natural extension of the COT initiator determination based on the previous proposal.
Proposal 4:  In semi-static channel access mode, when operating on multiple carriers/LBT BWPs, the UE should verify the assumptions regarding the COT initiator and that the transmission is aligned across all carriers/LBT BWPs for each UL transmission that occupies those carriers or LBT BWPs.
We do not think that further details for the rule implementation are necessary, as the assumptions regarding the COT initiator should be verified as per the existing agreements in each of the carriers (or LBT BWPs).

Controversial basic principles in section 2.7
In RAN1#106bis there were a few controversial discussions regarding the understanding of COT determination. Basic principles on COT-ownership and sensing are described below in Set A, B and Set C were suggested by the feature lead, however during the meeting not all reached an agreement.
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.
Set B:
1. Multiple scheduled UL transmissions that are scheduled by a single DCI, apply the same COT-ownership by the scheduling DCI.
a. Examples are dynamic repetitions of PUSCH or PUCCH, scheduling multiple PDSCHs/PUSCHs by single DCI.
Set C:
1. A cross-FFP scheduled UL transmission refers to a UL transmission scheduled in a g-FPP by a scheduling DCI in a different g-FPP. 
2. A same-FFP scheduled UL transmission refers to a UL transmission scheduled in a g-FPP by a scheduling DCI in the same g-FPP. 
3. For a cross-FFP scheduled UL transmission, the UE should validate the indicated COT-ownership by DCI. If it is not validated, the scheduled UL transmission is dropped.
4. For a same-FFP scheduled UL transmission, the UE follows the indicated COT-ownership by DCI. 

We note that from the above conclusions a few were controversial.
For convenience we copy here the definition of “burst” as used in TS 37.213.
A DL and respectively an UL transmission burst are defined as a set of transmissions from an eNB/gNB and respectively UE without any gaps greater than 16us. 
We note that 16us at 30kHz or 60 kHz SCS is less than a symbol duration, which are respectively 17.9us and 35.7us, therefore a burst is practically a continuous transmission DL or UL.
With this clarification we propose to remove A-2 from the above text and keep only A-3.
Proposal 5: Remove A-2 from the ownership rules text.
The Set B text implies that a DCI carrying multiple scheduled UL grants must have a single indication of the COT ownership, and this indication is the same for all UL scheduled transmissions.
We think that such constraint is not necessary and may lead to additional overhead. For instance, if gNB is the current owner of the COT (i.e. gNB initiated the COT), the gNB may not have a single DCI to schedule a UL transmission in the current COT and a transmission in a UE initiated COT after the gNB COT ends. We note that the existing agreements allow scheduling a UL transmission beyond the current FFP.
Agreement
In semi-static channel access mode, when the gNB schedules by a DCI a UL transmission in a later g-FFP that is different from the g-FFP that carries the scheduling DCI:
· The UE follows the indicated COT initiator as the following:
· If the UE validates the indicated COT initiator assumption and satisfies the applicable sensing conditions, the transmission occurs. Otherwise, the transmission is dropped.

Therefore, we suggest that the Set B to be changed as follows:
Proposal 6: Multiple scheduled UL transmissions that are scheduled by a single DCI, may indicate the same COT-ownership or different COT-ownerships if the scheduled transmissions belong to different bursts.
a. Examples are dynamic repetitions of PUSCH or PUCCH, scheduling multiple PDSCHs/PUSCHs by single DCI.

For C-4, we do not think that the text is necessary. Clearly UE must follow the DCI ownership indication provided that the conditions or that ownership is validated. Adding C-4 just make the UE behavior more confusing and does not bring any clarifications, therefore we suggest the text to be removed.
Proposal 7: Remove C-4 from the ownership rules text.
Conclusions
Proposal 1: If UE perform a PUSCH Repetition Type B in a gNB initiated COT, the UE segmentation around the idle period can restart after UE determines that gNB initiated a new FFP no earlier than T_proc,2 from gNB DL transmission providing that there is no collision with a prior scheduled UL transmission.

Proposal 2: If UE cannot determine that a gNB initiated COT was started, the UE may initiate a UE COT to complete the repetition Type B segmentation if the conditions of UE initiated COT are satisfied. If the conditions for UE COT initiation are not satisfied the repetition is dropped.

Proposal 3: For wideband operation align COT-initiator assumption for multiple channels, carriers or LBT BWPs contained in a cell.
Proposal 4:  In semi-static channel access mode, when operating on multiple carriers/LBT BWPs, the UE should verify the assumptions regarding the COT initiator and that the transmission is aligned across all carriers/LBT BWPs for each UL transmission that occupies those carriers or LBT BWPs.

Proposal 5: Remove A-2 from the ownership rules text.
Proposal 6: Multiple scheduled UL transmissions that are scheduled by a single DCI, may indicate the same COT-ownership or different COT-ownerships if the scheduled transmissions belong to different bursts.
a. Examples are dynamic repetitions of PUSCH or PUCCH, scheduling multiple PDSCHs/PUSCHs by single DCI.

Proposal 7: Remove C-4 from the ownership rules text.
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