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Introduction
In this contribution, we discuss remaining issues on enhancements for unlicensed band URLLC/IIoT based on the following agreements in RAN1#106bis-e [1].
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
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, 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 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.

Discussion
UE FFP configuration
The following RRC parameters for UE FFP configuration were agreed during the email discussion [2]:
	ue-SemiStaticChannel
AccessConfig
	The configuration is conditional on presence of SemiStaticChannelAccessConfig-r16. If SemiStaticChannelAccessConfig-r16 is absent, this configuration is ignored. 
When the configuration is applicable, the UE operates in semi-static channel access mode and can initiate a channel occupancy periodically as described in TS37.213 [Clause x.x].
	(ue-Period, ue-Offset)
	Per cell
	UE-specific

	ue-Period
	Added in ue-SemiStaticChannelAccessConfig. 
ue-Period is the period of a channel occupancy that the UE can initiate as described in TS37.213 [Clause x.x].  ue-Period can be configured independently from period configured in SemiStaticChannelAccessConfig-r16 if the UE indicates the corresponding capability. Otherwise, ue-Period shall be confiugred with a value that is the same, or integer multiple of, or inter factor of the value configred for period in SemiStaticChannelAccessConfig-r16.
	{1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms}
	Per cell
	UE-specific

	ue-Offset
	Added in ue-SemiStaticChannelAccessConfig. 
ue-Offset is the number of symbols from the beginning of the closest even indexed radio frame to the start of the first period that the UE can initiate a channel occupancy as described in TS37.213 [Clause x.x]. 
The maximum ue-Offset value is 279, 559 and 1119 symbols for 15, 30 and 60 kHz subcarrier spacing, respectively.
	INTEGER
(0..1119)
	Per cell
	UE-specific



A remaining issue with the symbol offset parameter is which SCS is applied to determine the symbol duration. The reference SCS can be provided by gNB or can be determined based on a predetermined rule. In any case, the smallest SCS among the configured SCSs in the serving cell can be referenced similar to the case of the BWP switching operation across different SCSs. If a BWP is configured with u=2 and ECP, a simple rule may be defined to align the FFP boundary to a ECP symbol boundary.
Proposal 1: The symbol offset for the UE FFP configuration is determined based on the smallest SCS among configured SCSs in a serving cell.

If the symbol offset of the UE FFP configuration is zero, the start timings of a gNB FFP and a UE FFP would be aligned. If both FFPs have a valid DL/UL in the beginning, gNB and UE may respectively initiate its own COT and the DL (e.g., DL for other UE) in the beginning of the gNB FFP and the UL in the beginning of the UE FFP may collide. Or, gNB may give up initiating its COT and not transmit the DL to avoid the collision, but it is also risky because the absence of the gNB COT during that gNB FFP may impact other transmissions. In either case, use of the symbol offset zero is less motivated, and it may good to clarify whether the specification allows such configuration.
Proposal 2: Clarify whether the symbol offset of zero for the UE FFP configuration is needed and whether the specification allows it.

COT initiator assumption for wideband operation
For wideband operation where a carrier consists of multiple RB sets, there was discussion on whether COT initiator assumption needs to be aligned across RB sets for a transmission. In FBE, basically the spectrum regulation and the channel access procedures are independently applied for each RB set. Therefore, occupied COT durations can be different across RB sets, and a natural consequence is that COT initiator assumptions for different RB sets may be different in some periods.
Fig. 1 illustrates an example where different COT ownerships are applied for different RB sets. The 1st CG-PUSCH repetition will be transmitted based on gNB-initiated COT on 1st RB set and UE-initiated COT on 2nd RB set. The 2nd CG-PUSCH repetition will be dropped because it is overlapped with a gFFP idle period in any of the scheduled RB sets, i.e., the 1st RB set. Even if different COT initiator assumptions are applied for different RB sets, no problem is identified in this example. Moreover, for scheduled UL, there is no misalignment issue because the indicated COT initiator assumption in UL grant will be applied for all scheduled RB sets.
If we want to enforce the same COT initiator assumption across RB sets, it seems important to clarify a general UE behaviour which can be applicable for all possible FFP configurations and LBT results. In the Fig. 1, there are at least the following options:
· Alt. 1: UE assumes gNB-initiated COT for both 1st and 2nd RB sets for 1st CG-PUSCH repetition.
· Alt. 2: UE assumes UE-initiated COT for both 1st and 2nd RB sets for 1st CG-PUSCH repetition.
· Alt. 3: UE drops the 1st CG-PUSCH repetition.
In our understanding, Alt. 1 is not possible because it is based on cross RB-set COT acquisition/sharing which may not be supported by the current regulation for FBE. Alt. 2 and Alt. 3 look feasible but they both have a specification impact. Moreover, Alt. 3 may degrade the UL performance since more UL transmissions may be dropped. Therefore, we think that it is not proper to enforce the same COT initiator assumption across LBT bandwidths unless its necessity is justified.
Proposal 3: Do not impose the restriction of the same COT initiator assumption across RB sets for FBE wideband operation unless its necessity is well justified.



Fig. 1. Different COT initiator assumptions across RB sets for FBE

Applicability of COT ownership
Another issue that needs clarification is whether the COT ownership can be changed within a transmission burst. In our view, the COT initiator assumption is applied for each scheduled/configured transmission. Therefore, gNB or UE can change its COT initiator assumptions during a transmission burst.
Fig. 2 illustrates an example where a UL transmission burst includes two consecutive ULs, 1st one is CG-PUSCH and 2nd one is DG-PUSCH. UE may perform channel sensing and initiate a COT in the beginning of the CG-PUSCH. The UE may transmit the CG-PUSCH based on the UE-initiated COT (when there is no available gNB COT to share). At the same time, the UE may be indicated via DCI to apply a shared gNB COT for the DG-PUSCH. Then, the UE may follow the instruction and transmit the DG-PUSCH based on the shared gNB COT. In that way, different COT ownerships can be applied for the two PUSCHs within the same UL transmission burst.
Since UE already performed the LBT with 25us interval to transmit the UL transmission burst right before the CG-PUSCH, it does not need to do an additional LBT before the DG-PUSCH to share the gNB COT. Therefore, a gap between the CG-PUSCH and the DG-PUSCH is not required. Such operation seems also aligned with the current specification, where it is stated that UE performs a LBT per UL transmission burst.
· “If the gap between the UL and DL transmission bursts is more than , the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time after sensing the channel to be idle for at least a sensing slot duration  within a  interval ending immediately before transmission.” [TS 37.213]
Proposal 4: Clarify that the COT ownership is applicable for each transmission (not per transmission burst), i.e., COT ownership can be changed during a transmission burst.



Fig. 2. COT ownership change during a transmission burst

Cross-FFP and cross-channel scheduling
	Agreement (@RAN1#106-e)
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.



The above agreement clarifies that the same channel access mechanism is applicable for the same-FFP scheduling and the cross-FFP scheduling. However, if we consider a wideband NR-U carrier, there is one missing case not covered by the agreement. The case is when UE is scheduled by a DCI a UL transmission in the same g-FFP on a different RB set. In this case, UE should also perform the COT validation on that RB set, and if the COT is not validated UE should drop the scheduled UL. Therefore, a similar conclusion can be made for the cross-RB set scheduling case.
Proposal 5: In semi-static channel access mode, when the gNB schedules by a DCI a UL transmission in a same g-FFP as the g-FFP that carries the scheduling DCI but on a different RB set:
· 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.

A remaining issue on cross-FFP/channel scheduling is details on how UE validates the indicated COT initiator assumption and satisfies the applicable sensing conditions. When the indicated COT initiator is gNB, the validation condition for the UL transmission (i.e., gNB COT sharing) is the detection of a DL burst within the same gNB COT:
· A UE may transmit UL transmission burst(s) after detection of a DL transmission burst(s) within the channel occupancy time. [TS 37.213]
However, there is one issue to be resolved, which is illustrated in Fig. 3 where a PUSCH was taken into account as an example. For self-FFP scheduling (left), the UL grant ‘grants an authorization’ for the PUSCH transmission. However, in case of cross-FFP scheduling (right), the UL grant cannot grant the PUSCH from channel access point of view because the UL grant is not within the same FFP. Therefore, as shown in the figure, UE should receive another DL signal (i.e., DL transmission burst) within the same FFP to be granted for PUSCH transmission. The same argument may hold for CG-PUSCH and all other configured UL transmissions which do not have a UL grant.
Observation 1: For scheduled UL based on cross-FFP scheduling or for configured UL, UE should receive a DL signal other than a UL grant to be granted for PUSCH transmission within the same FFP.



Fig. 3. Self-FFP scheduling vs. cross-FFP scheduling

On the other hand, UE needs some processing time to detect the DL signal for the UL authorization described above. If not defined in the specification, the processing time for the DL detection would be different among UEs depending on their implementation or capability. Then, gNB may not know the exact timing from which UE is ready to transmit UL in a shared gNB COT. This issue is illustrated in Fig. 4.



Fig. 4. Processing time for UE’s DL signal detection for UL authorization

In Fig. 4, UE A may be capable to decode the DL signal in a shared COT until before the starting position of the CG-PUSCHs. Thus, UE A can transmit the CG-PUSCHs. However, UE B may not able to finish the DL detection at the starting position of the 1st CG-PUSCH. Then, UE B may not transmit the 1st CG-PUSCH. Depending on cases, UE B may drop the whole CG-PUSCH transmission including possible repetitions, which may severely degrade the UL delay performance for a TB (and also for piggybacked UCI). In Rel-16 NR-U, the delay due to UL dropping may not be critical because eMBB is the main use case. However, such a relaxed delay requirement is not applicable for high end URLLC applications. Furthermore, the gNB may need to perform blind detection for UL reception because it does not know whether the UL is actually transmitted or not, especially if the UL is allocated in the earlier part of the gNB COT.
Therefore, in order for gNB to avoid the ambiguity of whether or not UE will actually transmit a UL, it is necessary to define a UE processing time for detection of the DL signal granting UL authorization (and UL preparation) in a shared gNB COT. Such enhancement is considered essential because it may highly impact the UL reliability performance for unlicensed band URLLC/IIoT.
Observation 2: The UL reliability performance of unlicensed URLLC can be severely degraded if UE’s processing time for DL detection to share a COT is not known to gNB.
Proposal 6: For gNB-to-UE COT sharing, define a UE processing time for detection of the DL signal granting UL authorization (and UL preparation).

Conclusion
In this contribution, we discuss remaining issues on enhancements for unlicensed band URLLC/IIoT, from which the following proposals and observations are drawn:
Proposal 1: The symbol offset for the UE FFP configuration is determined based on the smallest SCS among configured SCSs in a serving cell.
Proposal 2: Clarify whether the symbol offset of zero for the UE FFP configuration is needed and whether the specification allows it.
Proposal 3: Do not impose the restriction of the same COT initiator assumption across RB sets for FBE wideband operation unless its necessity is well justified.
Proposal 4: Clarify that the COT ownership is applicable for each transmission (not per transmission burst), i.e., COT ownership can be changed during a transmission burst.
Proposal 5: In semi-static channel access mode, when the gNB schedules by a DCI a UL transmission in a same g-FFP as the g-FFP that carries the scheduling DCI but on a different RB set:
· 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.
Observation 1: For scheduled UL based on cross-FFP scheduling or for configured UL, UE should receive a DL signal other than a UL grant to be granted for PUSCH transmission within the same FFP.
Observation 2: The UL reliability performance of unlicensed URLLC can be severely degraded if UE’s processing time for DL detection to share a COT is not known to gNB.
Proposal 6: For gNB-to-UE COT sharing, define a UE processing time for detection of the DL signal granting UL authorization (and UL preparation).
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