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1	Introduction
The revised work item description for “Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR” was agreed at RAN#88-e [1]. 
Specifically, the objectives regarding the support of unlicensed operation on FR1, considering controlled environments, were defined as follows:
	
2. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum


In this contribution, we present our views about the UL enhancements for URLLC in unlicensed controlled environments. We build on top of the agreements and discussions from meeting RAN1#104-e which are summarized in [2]. 
The following agreements were reached in the meeting:
	Agreement:
· PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG
· FFS whether/how to enhance
Agreement:
· In semi-static channel access mode, UE FFP periodicity is chosen from the following set of values in ms: {1, 2, 2.5, 4, 5,10}.
· FFS on other values 
Agreement:
· In semi-static channel access mode:
· An FFP period for UE-initiated COT is configured as the same, integer multiple of, or inter-factor of the FFP period configured for gNB-initiated COT 
· FFP period for UE-initiated COT can be configured independently from FFP period of gNB-initiated COT, if the UE indicates the corresponding capability
· FFP offset for UE-initiated COT is the starting point of first UE FFP relative to the radio frame X boundary.
· The offset value range is 0 ≤ offset ＜FFP period of UE-initiated COT
· FFS on X (e.g. X=0, or X= even index number)
Agreement:
In semi-static channel access mode when a UE can operate as initiating device,
· Select one of the following alternatives to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: 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
· Alt-b: Determination based on the rules applied for a configured UL transmission
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
· Alt-b: The UE assumes that the configured UL transmission corresponds to UE-initiated COT.
Agreement:
· In semi-static channel access mode, sharing a UE initiated COT through the gNB to other intra-cell UEs for UL transmissions, is not supported.


In Section 2.1 we discuss CG harmonization, while in Section 2.2 we discuss the support for UE-initiated COT for FBE.
2	UL enhancements for URLLC in unlicensed band
2.1 NR/NR-U CG enhancements harmonization
The assumption for the WI is that the operation in the unlicensed spectrum occurs in a controlled environment, i.e. where interference from other systems is not expected. In that sense, as observed in [3] the possibility of LBT failure would depend on the deployment. If in a controlled facility it can be ensured that LBT failures are negligible, then NR IIoT based CG (defined primarily for licensed spectrum use) can potentially be employed without NR-U specific enhancements. While if the effect of potential LBT failures are considered, due to intra-system interference or sporadic interference from other RAT, it is beneficial for unlicensed IIoT/URLLC to use the NR-U CG mechanisms, which were designed to overcome the impact of frequent LBT failures.
Time domain consecutive allocations and PUSCH repetitions 
There are clear differences between the types of time domain resource allocations supported in NR-U CG and Rel-16 IoT:
· NR-U introduced support for an allocation of a burst of consecutive slots (cg-nrofSlots) and multiple CG PUSCH resources within a slot (cg-nrofPUSCH-InSlot) configured by RRC, 
· Rel-16 for IIoT introduced a support for PUSCH repetition Type B for intra-slot repetition including actual repetitions across slot boundary. 
It is worth noting that repetitions are already supported in Rel-16 NR-U for consecutive PUSCH allocations as defined as part of Type A repetition specification for CG in 38.214 clause 6.1.2.3.1. I.e., if the UE is provided with higher layer parameters cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, the UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration. 
Observation 1: Back-to-back PUSCH repetitions are already supported with NR-U as part of Type A repetitions.
Non-back-to-back Type A repetitions (slot-level repetition) will cause transmission gaps between two repetitions. Additional LBT operation may be required for the UE to resume transmission after a gap. Additional LBT overhead and uncertain LBT outcome make such operation (i.e., non-back-to-back Type A repetition) being not that attractive in unlicensed band.
Proposal 1: Non-back-to-back Type A repetitions are not supported in unlicensed band.
As agreed in RAN1#104-e, PUSCH repetitions Type B should be supported in unlicensed band when using NR IIoT Rel-16 based CG. In our view, that also means that Type B repetitions should not be combined with NR-U multi-PUSCH allocations. So, we don’t see any additional enhancement needed for multi-PUSCH allocations, which should be only used if NR-U based CG is used, i.e. including CG-UCI.
Proposal 2: The use of PUSCH repetition Type B together with NR-U based multi-slot allocations should not be considered.
Operation with/without CG retransmission timer
RAN2 reached the following agreements related to CG retransmission timer in #112-e meeting:
2	cg-RetransmissionTimer can be configured optionally for shared spectrum
3	When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
4	When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.
5	As a baseline, HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U.
6	HARQ processes sharing between multiple CGs are not allowed when cg-RetransmissionTimer is not configured.

As agreed by RAN2, configuration of (cg-RetransmissionTimer) can be optional on shared (i.e. unlicensed) spectrum. In case cg-RetransmissionTimer is not configured, at least autonomous retransmission and explicit ACK by DFI should clearly not be used for NR-U CG. 
In spite of the RAN2 agreement, it is not yet clear whether other NR-U CG functionalities can be used when cg-RetransmissionTimer is not configured. Such functionalities include CG-UCI (including COT sharing), NR-U CG specific time domain resource allocation, etc. In our view, in deployments where LBT failures are not considered so that cg-RetransmissionTimer is not configured, other NR-U enhancements to overcome LBT failures are also not needed, and NR IIoT based CG can be adopted. It is up to RAN2 to decide which parameter should be used for determining if NR-U CG or NR IIOT CG procedure is to be followed, while in our view a single parameter such as cg-RetransmissionTimer is enough. Therefore, from the alternatives listed in the RAN1#103-e agreements, we emphasize our support for Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
Proposal 3: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter (Option 1  from RAN1#103-e), i.e. when cg-RetransmissionTimer is not configured, NR-U specific CG features such as CG-UCI, COT sharing indication, UE-selected HARQ process ID and RV, autonomous retransmission, consecutive allocations for different TB and CG-DFI are not supported.
Following the suggested table for discussion from [2], we summarize how each option should work, as well as potential issues and specification impact:






(Note: 0 means the feature is disabled/not configured, 1 means enabled/configured)
	
	CG-UCI
	CG-DFI
	cg-RetransmissionTimer-r16
	Comments

	IIoT like mechanism: option 1
	0
	0
	0
	NR-U CG specific features disabled by RRC configuration, i.e., Rel-16 URLLC CG operation mode is used in unlicensed spectrum including LBT procedure according regulation, though the effect of LBT failures is negligible.
Minor RAN1 specification impact, if any.

	Opt-2b: combination#1
	0
	0
	1
	This option has the issue that a UE configured with cg-retransmissionTimer may expect receiving ACK for previous CG transmissions before the timer expires, but if DFI is disabled, this will not happen, potentially triggering unnecessary retransmissions.

	Opt-2b: combination#2
	0
	1
	0
	We don’t see the need for this option. Since cg-retransmissionTimer is disabled, there is no autonomous retransmission, so there is no gain on having the DFI. So, a UE could rather simply use Rel-16 URLLC based CG, with implicit ACK.

	Opt-2b and Opt-2a: combination#3
	0
	1
	1
	Based on RAN2 agreement, when cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection. Since CG-UCI is disabled there is no way for gNB to know which HARQ ID and RV the UE has selected, at least not without major specification impact. 

	Opt-2b, Opt-2a and Opt-3 combination#4
	1
	0
	0
	According RAN2 agreement, when cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection. Therefore, the HARQ related fields in CG-UCI have no use in this option.

	Opt-2b and Opt-3 combination#5
	1
	0
	1
	Again, this option has the issue that a UE configured with cg-retransmissionTimer may expect receiving ACK for previous CG transmissions before the timer expires, but if DFI is disabled, that will not happen, potentially triggering unnecessary retransmissions.

	Opt-2b and Opt-3 combination#6
	1
	1
	0
	Again, according RAN2 agreement, when cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection. Therefore, the HARQ related fields in CG-UCI have no use.

	NR-U like mechanism: option 1
	1
	1
	1
	NR-U CG specific features enabled by RRC configuration, i.e., NR-U based CG should be followed including features to overcome sporadic LBT issues.
Minor RAN1 specification impact, if any.



CG-UCI and PUCCH multiplexing and prioritization
Rel-16 NR-U CG features include CG-UCI multiplexing with PUCCH on the CG-PUSCH, when a PUCCH carrying HARQ-ACK overlaps with the CG-PUSCH within a PUCCH group, if the higher layer parameter cg-UCI-Multiplexing is configured. Otherwise, if that parameter is not configured and the overlap occurs, the CG-PUSCH is skipped, i.e. the UE does not transmit the PUSCH and multiplexes the HARQ-ACK information on a PUCCH transmission or on another PUSCH transmission according TS 38.213.
Rel-16 IIoT CG features include UCI enhancements which allow two HARQ-ACK codebooks of different priorities to be constructed. Separate PUCCH configurations for each priority are provided to the UE, and the priority is indicated in the scheduling DCI or configured. For CG the priority is configured by the higher layer parameter phy-PriorityIndex. If two physical channels of different priority, e.g. PUCCH carrying HARQ-ACK and CG-PUSCH, overlap in time, the UE should transmit the one of higher priority. On the other hand, if the channels have the same priority, the UE should multiplex the information, e.g. HARQ-ACK is multiplexed on PUSCH.
For Rel-17 IIoT, the PHY layer multiplexing of channels of different priorities is being discussed under Agenda Item 8.3.3 . In RAN1#102-e meeting, different multiplexing scenarios were agreed including the multiplexing of HARQ-ACK and PUSCH with/without UCI. In addition, the following FFS item was also listed, which may relate to NR-U CG:
	Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
For the above multiplexing scenarios,
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations. 
· FFS for other separate configurations.
· FFS: value range of beta-offset (e.g. <1).
· FFS the conditions, if needed, for multiplexing, e.g.
· FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)?
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding).
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH



We see that PHY multiplexing/prioritization based on priority index introduced in Rel-16 for licensed spectrum should also be considered in the case of unlicensed spectrum operation, including the case when CG-UCI is present and NR-U specific CG enhancements are used for deployments where sporadic LBT issues are non-negligible for IIOT. The exact UE behavior for UCI multiplexing/prioritization in the presence of CG-UCI is FFS.
Proposal 4: PHY multiplexing/prioritization introduced in Rel-16 is supported also with NR-U CG. Interaction of CG-UCI and HARQ-ACK codebooks of different priorities is FFS.




2.2 On the support for UE-initiated COT for FBE
2.2.1 Additional transmission conditions in idle periods
[bookmark: _Hlk53580887]Based on the agreements in RAN1 meetings #102-e and #103-e:
· An initiating device is not allowed to transmit during the idle period of any FFP associated with the initiating device in which the initiating device initiates a COT. In other words, 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.
· A responding device is not allowed to transmit during the idle period of that FFP in which the responding device shares the COT initiated by the initiating device. In other words, 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.
Whether or not there are additional restrictions for transmission during idle periods is still FFS. In RAN1 meeting #104-e it was e.g. discussed if a UE, as initiating device, should be allowed to transmit during the idle period of any FFP associated with its serving gNB. Several options were discussed: 
1. The UE, as initiating device, is never allowed to transmit during any idle period of its serving gNB.
2. No additional restrictions, i.e., the UE, as initiating device, is always allowed to transmit during any idle period of its serving gNB.
3. The UE, as initiating device, is only allowed to transmit during certain idle periods of its serving gNB, based on RRC configuration.
4. Transmission by the UE, as initiating device, during any idle period of its serving gNB can be dynamically enabled/disabled. 
In theory, regulatory requirements do not impose any additional restriction. However, without additional limitations, it might become possible for an NR-U system (i.e. gNB and UEs) to almost continuously transmit on an unlicensed channel, which might cause coexistence problems. This might be seen such that NR-U is not operating according to fair coexistence principle, and could therefore represent a major bottleneck for the practical deployment of NR-U systems. Besides that, also when UE-initiated COT is enabled, the gNBs may still want to initiate a COT, and possibly share it with other users.
Based on the discussion above, we observe that UEs should at least not be allowed to transmit in some of their serving gNB idle periods. RAN1 should discuss if this should be imposed by specifications, or configured using higher layer configuration (e.g., RRC configuration, or SIB1). For the potential impacts on fair coexistence highlighted above, our preference is to avoid UE-initiated transmissions during any idle period of the corresponding serving gNB, at least as a default UE behavior. 
Proposal 5: By default, as initiating device, a UE cannot transmit during its serving gNB’s idle periods.
On the other hand, avoiding UE-initiated transmissions in correspondence of the serving gNB idle period (either by specifications or via higher layer configuration) may introduce unnecessary delays and lower the overall spectral efficiency if, for example, the gNB has no intention to acquire the COT in the subsequent FFP (e.g., the gNB does not have any data to transmit). Therefore, it is suggested to introduce support for dynamic signaling of gNB-controlled UE-initiated UL transmissions during gNB idle periods. Details are FFS, e.g., gNB-controlled UE-initiated UL transmissions during a gNB idle period may only be allowed if the gNB has not initiated, or does not intend to initiate, a corresponding gNB FFP.

Proposal 6: Introduce support for dynamic signaling enabling gNB-controlled UE-initiated UL transmissions during gNB idle periods, when e.g. the gNB has no intention to acquire the COT in the subsequent FFP. 
2.2.2 FFP parameters configuration
In RAN1 #104-e, it was agreed that, in semi-static channel access mode, the UE FFP periodicity is chosen from the following set of values in ms: {1, 2, 2.5, 4, 5,10}. It was left FFS if other values should also be supported. 
In NR and NR-U, UL CG transmissions can be configured with a periodicity of 2 and 7 OFDM symbols, as well as any integer multiple of 14 OFDM symbols (up to 640 ms). That means, unless the UL CG periodicity is configured to be equal to or an integer multiple of the to the UE FFP periodicity, some UL CG transmissions may not be used for UE-initiated transmissions. For example, if the UL CG periodicity is 6 ms and the UE FFP is 10 ms, only one every fifth UL CG occasion can be used to initiate a UE COT. 
In this sense, it may be useful to specify additional values for the UE FFP periodicity (e.g., 6 ms, or 1.5 ms), thus making alignment between UL CG transmissions and the start of a UE FFP more likely for a larger subset of the configurable UL CG periodicities. On the other hand, many of these additional values may not satisfy the condition of being either an integer multiple or an integer factor of the FFP periodicity that can be configured for gNB-initiated COT. So, in practice, based on a previous agreement from RAN1 #104-e, these additional new values may not be supported by all NR-U devices. Given this and the additional specification effort that would be required to handle all the additional combinations of gNB and UE FFP configurations, it does not seem necessary to introduce additional values of the UE FFP period, at least to support UE-initiated COT with semi-static channel access in RRC connected mode. Whether additional values of the UE FFP period may need to be specified to support UE-initiated COT with semi-static channel access in Idle/Inactive mode is FFS. 
Proposal 7: No other values than {1, 2, 2.5, 4, 5, 10} ms are specified for the UE FFP periodicity, at least in RRC connected mode. 

In NR and NR-U, the offset of an UL CG transmission with respect to the radio frame and slot boundaries, can be configured with a granularity of one OFDM symbol. Therefore, to enable alignment of the UE FFP start with any UL CG occasion, it should be possible to signal the offset of the UE FFP with the granularity of one OFDM symbol.  
Proposal 8: The starting offset of the UE FFP is signaled with one OFDM symbol granularity.
Unless new values for UE FFP periodicity are introduced, also in cases when the UE FFP period is neither the same, nor an integer multiple, nor an integer factor of the gNB FFP period (i.e., the cases marked with X in Table 1), since 20 (ms) is always a common multiple of the gNB FFP periodicity and the UE FFP periodicity, it is sufficient that the offset of the UE FFP is always relative to an even indexed SFN.
Proposal 9: The starting offset of the UE FFP, X, is always relative to the start of an even indexed SFN.

Table 1: Possible combinations of gNB and UE FFP configurations: (v) supported by default, (x) supported based on UE capability
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2.2.3 COT-initiator determination
2.2.3.1 Scheduled UL transmission
With respect to determination of the COT initiator for scheduled UL transmissions, the following alternatives were down-selected during RAN1meeting #104-e meeting:
· Alt-a: 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
· Alt-b: Determination based on the rules applied for a configured UL transmission
In our opinion, standardized means for determination of the COT initiator for UL transmissions with semi-static channel access should be very similar to standardized means for determination of the LBT type for UL transmission with dynamic channel access. For scheduled UL transmissions, the gNB indicates the COT initiator in the scheduling DCI, i.e. Alt-a. As for dynamic channel access it was not necessary to address the case where the gNB does not include in the scheduling DCI an indicator of the LBT type that the UE should apply for the corresponding UL transmission, we think there is no need, with semi-static channel access, to address the case whether the corresponding field(s) indicating the COT initiator is absent in the DCI. On the other hand, we think cross-FFP scheduling should be allowed. I.e., it should be possible for the gNB to transmit, during gNB FFP #n, a DCI scheduling an UL transmission with starting position in gNB FFP #m, with m>n. In this case, the gNB shall indicate the UE as COT indicator in the DCI, but the UE shall still assume the gNB as COT initiator if it detects that the gNB has initiated a new COT prior to the scheduled UL transmission. In other words, the rules to determine the COT initiator with semi-static channel access for a scheduled UL transmission would be similar to the rules specified for determination of the LBT type for a scheduled UL with dynamic channel access:
Proposal 10: Use Alt-a for determination of COT initiator for intra-FFP scheduled UL transmissions. 
Proposal 11: The field(s) indicating the COT initiator in the scheduling DCI cannot be absent.
Proposal 12: Use a combination of Alt-a and Alt-b for determination of COT initiator for cross-FFP scheduled UL transmissions. 
2.2.3.2 Configured UL transmissions
With respect to determination of the COT initiator for configured UL transmissions, the following alternatives were down-selected in RAN1meeting #104-e meeting:
· 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 has 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
· Alt-b: The UE assumes that the configured UL transmission corresponds to UE-initiated COT.
To avoid that an NR-U system operating with semi-static channel occupancy may occupy an unlicensed channel for more than 90-95% of the time, thus potentially violating the ETSI regulatory requirements, or at least causing coexistence problems, we think that, when a serving gNB acquires a COT during a gNB FFP, all its connected UEs should operate as responding devices according to gNB-shared COT during the corresponding gNB FFP. Therefore, we prefer Alt-a above, i.e. if a configured UL transmission is confined within a gNB FFP before the idle period of that gNB FFP, and if the UE has already determined that the gNB has initiated that gNB FFP, the UE assumes that the configured UL transmission corresponds to gNB-initiated COT.
As Alt-a is currently formulated in the agreement from RAN1 meeting #104-e, it is unclear what “otherwise” means. Does “otherwise” mean that the UE has not determined that the gNB has initiated the gNB FFP, or could it also mean that the UE has determined that the gNB has initiated the gNB FFP, but the configured UL transmission is NOT confined within the gNB FFP before the idle period of the gNB FFP (i.e. the configured UL transmission “overlaps” with the idle period of the gNB FFP)? In the latter case, we do not think the UE should assume that the configured UL transmission is to be transmitted according to UE-initiated COT, as this may result in violations of the ETSI regulatory requirements, or at least may cause coexistence issues, as discussed above. In this case, we think RAN1 should down-select one of the following alternatives:
· Alt-a1: the UE does not transmit the corresponding configured UL transmission
· Alt-a2: the UE only transmits on a subset of the configured UL (time) resources to ensure no transmissions during the idle period of that gNB FFP 
We prefer Alt-a2 as it provides better utilization of the available UL resources. Based on the discussion above, we propose to capture the following proposal in the RAN1 agreements:
Proposal 13: In semi-static channel access mode, when a UE can be COT initiator, and a configured UL transmission is aligned with a UE FFP boundary, and ends before the idle period of that UE FFP: 
· If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that the gNB has initiated that gNB FFP, the UE assumes that the configured UL transmission corresponds to gNB-initiated COT
· if the UE determines that the gNB has NOT initiated that gNB FFP, the UE assumes that the configured UL transmission corresponds to UE-initiated COT.
· if the transmission is NOT confined within a gNB FFP before the idle period of that gNB FFP (i.e. the transmission overlaps at least partially with the idle period of that gNB FFP) and the UE has already determined that the gNB has initiated that gNB FFP, the UE only transmits on a subset of the configured UL (time) resources to ensure no transmissions during the idle period of that gNB FFP. 
Note: this is a slightly clarified version of Alt-a from RAN1 #104-e
2.2.4 UE-initiated COT in Idle/Inactive Mode
In RAN1 meeting #102-e it was agreed to support UE-initiated COT for semi-static channel access mode by any UL transmission in RRC_CONNECTED mode, while the case when the UE is in IDLE/INACTIVE mode was left FFS. The latter would essentially correspond to introducing support for UE-initiated PRACH transmissions using semi-static channel access mode. No further agreement on this point was reached during RAN1 meetings #103-e and #104-e.
Not allowing UE-initiated PRACH transmissions when a UE is in IDLE/INACTIVE mode presents two main disadvantages. First, the gNB is required to acquire the COT with high frequency in order to allow the UEs to transmit on PRACH with acceptable latency. This may introduce unnecessary interference, as well as potentially increase the power consumption at the gNB. Second, as UEs would need to detect a DL transmission by the gNB during the corresponding gNB FFP before they can transmit on PRACH resources, this may also introduce additional delays to the RACH procedure. Therefore, we suggest to also support UE-initiated COT for semi-static channel occupancy in IDLE/INACTIVE mode. Details are FFS. 
Proposal 14: Support UE-initiated COT for semi-static channel occupancy in IDLE/INACTIVE mode. 
If the above proposal is agreed, FFP parameters for UE-initiated COT would need to be provided to the UE also by SIB-1, and not only by dedicated RRC signaling, as already agreed in RAN1 meeting #102-e. 
Proposal 15: Assuming support of UE-initiated COT for semi-static channel occupancy in IDLE/INACTIVE mode is agreed, FFP parameters for UE-initiated COT also need to be provided to the UE in SIB-1.
[bookmark: _Toc415085486][bookmark: _Toc503902285]Whether the UE FFP start and periodicity are explicitly configured or (at least partially) implicitly determined based on other higher layer parameters, is very much dependent on whether FFP parameters for UE-initiated COT are only provided by RRC signaling, or also by SIB-1, which on the other hand also depends on whether or not UE-initiated COT for semi-static channel occupancy in IDLE/INACTIVE mode is supported. Therefore, we propose to still keep FFS whether the start and duration of the UE FFP is explicitly configured using SIB1 or RRC, or can be implicitly determined based on other configurations such as PRACH configuration., at least until an agreement is reached on IDLE/INACTIVE mode and SIB-1 signaling.
2.2.5 gNB-to-UE and UE-to-gNB COT sharing
[bookmark: _Hlk67398635]With semi-static channel access in RRC CONNECTED mode, gNB-to-UE COT sharing mechanism can be based on COT signaling by the gNB using GC-PDCCH (DCI 2_0). However, according to 37.213, Section 4.3 below, a UE may not even be required to read GC-PDCCH to determine if a gNB COT is present or not. Furthermore, to support UL transmissions with semi-static channel occupancy in in IDLE/INACTIVE mode, gNB-to-UE COT sharing based on detection of a DL transmission burst(s) within the gNB channel occupancy time is assumed in Rel-16 NR-U. In this case, an idle/inactive UE determines the gNB acquired COT based on existing signals (such as SSB or RMSI PDCCH) as 37.213, Section 4.3 states:
 
	A channel occupancy initiated by a gNB and shared with UE(s) satisfies the following:
-	The gNB shall transmit a DL transmission burst starting at the beginning of the channel occupancy time immediately after sensing the channel to be idle for at least a sensing slot duration . If the channel is sensed to be busy, the gNB shall not perform any transmission during the current period. 
-	The gNB may transmit a DL transmission burst(s) within the channel occupancy time immediately after sensing the channel to be idle for at least a sensing slot duration  if the gap between the DL transmission burst(s) and any previous transmission burst is more than .
-	The gNB may transmit DL transmission burst(s) after UL transmission burst(s) within the channel occupancy time without sensing the channel if the gap between the DL and UL transmission bursts is at most  
-	A UE may transmit UL transmission burst(s) after detection of a DL transmission burst(s) within the channel occupancy time as follows:
-	If the gap between the UL and DL transmission bursts is at most ,  the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time without sensing the channel.
-	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.



The problem with UE-initiated COT with semi-static channel occupancy and UE-to-gNB COT, is that detection of a DL transmission burst(s) within the gNB channel occupancy time may not imply that the gNB has initiated a COT, as the gNB may be sharing the COT initiated by another UE. As UE-to-UE COT sharing through the gNB is not supported as by RAN1 #104-e agreements, this in practice requires specification of specific constraints on the timing and type of DL signals the UE should use for gNB COT detection, which on the other hand would impose restrictions on the timing and type of DL signals that a gNB can transmit when operating as responding device. While this could work for Rel-17 UEs, this may not work for Rel-16 UEs, unless the timing and type of DL signals the UE should use for gNB COT detection is clearly specified also for Rel-16 UEs. So, without further clarifications on Rel-16 UE assumptions for gNB COT detection and sharing, in practice it may not be possible for the gNB to operate as responding device with semi-static channel access, which is a major limitation to Rel-17 enhancements. 
Observation 2: With semi-static channel occupancy, the mechanism used by a legacy (Rel-16) UE to detect and share a serving gNB COT needs further clarifications if UE-to-gNB COT sharing is supported in Rel-17.



3	Conclusions
In this contribution, we discussed uplink enhancements for IIOT/URLLC in unlicensed band including and CG harmonization and support for UE initiated COT. Based on the discussions we have the following proposals:
NR/NR-U CG enhancements harmonization:
Observation 1: Back-to-back PUSCH repetitions are already supported with NR-U as part of Type A repetitions.
Proposal 1: Non-back-to-back Type A repetitions are not supported in unlicensed band.
Proposal 2: The use of PUSCH repetition Type B together with NR-U based multi-slot allocations should not be considered.
Proposal 3: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter (Option 1  from RAN1#103-e), i.e. when cg-RetransmissionTimer is not configured, NR-U specific CG features such as CG-UCI, COT sharing indication, UE-selected HARQ process ID and RV, autonomous retransmission, consecutive allocations for different TB and CG-DFI are not supported.
Proposal 4: PHY multiplexing/prioritization introduced in Rel-16 is supported also with NR-U CG. Interaction of CG-UCI and HARQ-ACK codebooks of different priorities is FFS.
On the support for UE-initiated COT for FBE
Proposal 5: By default, as initiating device, a UE cannot transmit during its serving gNB’s idle periods.
Proposal 6: Introduce support for dynamic signaling enabling gNB-controlled UE-initiated UL transmissions during gNB idle periods, when e.g. the gNB has no intention to acquire the COT in the subsequent FFP. 
Proposal 7: No other values than {1, 2, 2.5, 4, 5, 10} ms are specified for the UE FFP periodicity, at least in RRC connected mode. 
Proposal 8: The starting offset of the UE FFP is signaled with one OFDM symbol granularity.
Proposal 9: The starting offset of the UE FFP, X, is always relative to the start of an even indexed SFN.
Proposal 10: Use Alt-a for determination of COT initiator for intra-FFP scheduled UL transmissions. 
Proposal 11: The field(s) indicating the COT initiator in the scheduling DCI cannot be absent.
Proposal 12: Use a combination of Alt-a and Alt-b for determination of COT initiator for cross-FFP scheduled UL transmissions. 
Proposal 13: In semi-static channel access mode, when a UE can be COT initiator, and a configured UL transmission is aligned with a UE FFP boundary, and ends before the idle period of that UE FFP: 
· If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that the gNB has initiated that gNB FFP, the UE assumes that the configured UL transmission corresponds to gNB-initiated COT
· if the UE determines that the gNB has NOT initiated that gNB FFP, the UE assumes that the configured UL transmission corresponds to UE-initiated COT.
· if the transmission is NOT confined within a gNB FFP before the idle period of that gNB FFP (i.e. the transmission overlaps at least partially with the idle period of that gNB FFP) and the UE has already determined that the gNB has initiated that gNB FFP, the UE only transmits on a subset of the configured UL (time) resources to ensure no transmissions during the idle period of that gNB FFP. 
Note: this is a slightly clarified version of Alt-a from RAN1 #104-e
Proposal 14: Support UE-initiated COT for semi-static channel occupancy in IDLE/INACTIVE mode. 
Proposal 15: Assuming support of UE-initiated COT for semi-static channel occupancy in IDLE/INACTIVE mode is agreed, FFP parameters for UE-initiated COT also need to be provided to the UE in SIB-1.
Observation 2: With semi-static channel occupancy, the mechanism used by a legacy (Rel-16) UE to detect and share a serving gNB COT needs further clarifications if UE-to-gNB COT sharing is supported in Rel-17.
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Appendix A1 – Agreements from previous meetings
Agreements from RAN1#102e:
	Agreements:
· For semi-static channel access mode,
· If sensing is needed, it is performed immediately before the configured/scheduled transmission opportunity.
· For operation with semi-static channel access, the Rel-16 random starting offsets for UL configured grants with Full BW allocation when UE initiates a COT, is not supported.
Agreements:
· For semi-static channel access mode,
· When gNB operates as an initiating device 
· The gNB is not allowed to transmit during the idle period of any FFP associated with the gNB in which the gNB initiates a COT
· When a UE operates as an initiating device 
· The UE is not allowed to transmit during the idle period of any FFP associated with the UE in which the UE initiates a COT
· When a UE shares a COT initiated by the gNB during an FFP associated with the gNB
· The UE is not allowed to transmit during the idle period of that FFP in which the UE shares the COT initiated by the gNB
· When the gNB shares a COT initiated by a UE during an FFP associated with the UE
· The gNB is not allowed to transmit during the idle period of that the FFP in which the gNB shares the COT initiated by the UE
· FFS whether/how to support additional restrictions to the idle period
Agreements:
· For semi-static channel access mode, support using the transmission of any scheduled/configured UL channel/signal to initiate a COT by a UE in RRC_CONNECTED mode
· FFS the case when the UE is IDLE/INACTIVE mode
Agreements:
· A UE initiates a COT in an FFP associated with the UE, if the UE transmits a UL transmission burst starting at the beginning of the FFP and ending at any symbol before the FFP’s idle period after a successful CCA of 9us immediately before the UL transmission burst.
Update on 8/26
Agreements:
· At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.

Conclusion:
Further study and decide how to harmonize the CG features for Rel-16 URLLC and Rel-16 NR-U. Table 1 in R1-2005376 can be used as a starting point for the corresponding discussion and decision.

Agreements:
· Conditions on the channel access procedures with respect to sensing duration and transmission gap for UE-initiated COT with UE-to-gNB COT sharing is similar as those for gNB initiated COT and gNB-to-UE COT sharing in Rel-16 by exchanging UE and gNB roles.
Agreements:
· UE-to- gNB COT sharing in semi-static channel access mode is supported.
· The gNB determines a COT in an FFP associated to a UE, that is initiated by the UE, if the gNB detects a UL transmission from the UE starting from the beginning of the FFP and ending before the idle period of the FFP.
· FFS details
· When the gNB determines a UE has initiated a COT in an FFP associated to the UE, the gNB can transmit within the FFP and before the idle period corresponding to the FFP.
· FFS whether/how UE to gNB COT sharing when the gap is >16us
Update from 8/28 GTW
Agreements:
For semi-static channel access mode, 
o    Start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. 
o    FFS: FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. 
Agreements:
· For semi-static channel access mode,
· FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling. 
· FFS on to be provided by SIB-1
· FFS whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters




Agreements from RAN1#103-e:
	Agreements:
· In semi-static channel access mode, a single FFP (periodicity and offset) is associated to an initiating device (gNB or UE) at a given time which can be used for the purpose of channel occupancy. The FFP configuration that is used for initiating channel occupancy purposes, is such that it shall not be changed for at least 200ms
Conclusion:
· For operation on unlicensed channels and irrespective of the adopted LBT mechanism (LBE or FBE), all transmissions in DL and UL are controlled by gNB similarly to licensed channels, and potential collisions or blocking are controlled/mitigated by gNB.
Agreements:
· UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us is supported
Conclusion:
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:
Down-select one of the following options (target RAN1#104-e):
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
· Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.
· Option 3: CG-UCI based procedures are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16
· Note: Procedures based on CG-UCI rely on UE including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
· Note: Procedures based on CG-DFI rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions. 
Update on 11/11
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.
o    Note: Any value for the period, shall be at least 1ms and at most 10ms.
o    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.

Agreements:
In semi-static channel access mode:
· When a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE, down-select one of the following:
· 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
· Alt-b: The UE assumes that the configured UL transmission corresponds to UE-initiated COT.
· Alt-c: The UE assumption on whether the configured UL transmission is allowed to correspond to UE-initiated COT is based on gNB configuration.
· When a configured UL transmission starts after a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE:
· If the UE has already initiated the UE FFP, then UE assumes that the configured UL transmission corresponds to UE-initiated COT
· Otherwise, If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and if the UE has already determined that gNB has initiated that gNB FFP, then UE assumes that the configured UL transmission corresponds to gNB-initiated COT.
· FFS on other conditions for determining the corresponding UE or gNB initiated COT
· Note: A configured UL transmission cannot be transmitted according to both shared gNB COT and UE-initiated COT.



