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1. Introduction & Background

In RAN1#103 e-Meeting, following agreements were made for supporting UE-initiated COT for FBE mode and harmonizing UL configured-grant enhancements for URLLC/IIoT operation in unlicensed controlled environments:
	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 initates 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 initates 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.

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

Agreements:

For semi-static channel access mode,
· Start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. 

· 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:

· 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.




In this contribution, we further discuss the potential enhancements to the channel access mechanisms for UE initiated COT with FBE and harmonizing UL configured grant for URLLC/IIoT in unlicensed spectrum.
2. Enhanced channel access mechanisms
UE-initiated COT for FBE should be specified to support URLLC in unlicensed control environment. The related details such as enabling of this functionality, the length and offset of the FFPs for gNB and UE need to be further studied.
1.1. FFP 
For semi-static channel access mode, the FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling in CONNECTED mode. The FFP parameters should include at least FFP periodicity. That is to say, the UE FFP periodicity should be explicitly configured. It is also beneficial to support UE-initiated COT for UEs in RRC-IDLE mode as we discussed in section 2.4, hence for the UEs in IDLE mode, UE may obtain the FFP parameter via SIB-1. Other methods such as implicit determination based on other higher layer parameters are not necessary since explicit configuration is enough for the semi-static channel access mode.
Proposal 1: FFP periodicity should be explicitly configured via dedicated RRC signaling or SIB-1.
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Figure 1 Different FFP length
Besides, considering the possible different traffic patterns and requirements at the gNB and UE side, it would be beneficial to configure different FFP length or periodicity for gNB and UE to enable prompt data transmission. As shown in Figure 1, UE can be configured with shorter FFP length or periodicity if its traffic arrives with smaller packet size and requires lower latency. Shorter FFP length or periodicity gives more channel access possibilities for UE without forcing gNB to acquire the channel all the time and share the channel to UE. UE can transmit the data from the starting position of the next available FFP with less delay. Meanwhile, if the DL data traffic is with larger packet size, the required transmission time will become longer, there is no need for gNB to frequently acquire the channel, a longer FFP length or periodicity can be configured.
Proposal 2: FFP periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT.
1.2. Idle period restriction

In last meeting, the idle period restriction was agreed as following [1]:

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
During the discussion last meeting, some companies have concerns on the idle period of a FFP for a device which is not an initiating device. In our opinion, idle period is only valid for an active FFP, i.e., there is a COT initiated by a device during the FFP. Only in this case, the restrictions of FFP and idle period make sense. If a device does not initiate any COT during the FFP, there will be no active FFP for this device and hence no active idle period. The restriction in this inactive idle period is not feasible anymore. To be more specifically, 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. UE and gNB can transmit during the idle period of the FFP that associated with the UE. Likewise, 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 FFP in which the gNB shares the COT initiated by the UE. gNB and UE can transmit during the idle period of the FFP associated with the gNB. 
Regarding the comments that prioritize an idle period, e.g. the idle period of gNB’s FFP, to ensure fairness for other RATs, we have different views. According to the principle of LBT mechanism, a node is only able to detect the interferer within the range where the received energy is larger than the ED threshold. Therefore, as long as there exists a node that can detect the initiating device, e.g., gNB or UE, but cannot detect the responding device, e.g., UE or gNB, which is a very general scenario, the node will acquire the channel during the idle period of initiating device, and then the initiating device will not be able to transmit in the next FFP since the channel is now occupied by other node and will be detected as BUSY. Therefore, gNB and UE pair will not always occupy the channel.
Proposal 3: The transmission restriction only applies to an active idle period. There is no need to prioritize any inactive idle period.
1.3. UE-to-gNB COT sharing

To enable the UE-initiated COT, one simple solution is that based on the resource allocation or configuration, the UE can choose to share the gNB-initiated COT or initiate its own COT as shown in Figure 2. When the allocated or configured UL resources are aligned with the start position of the associated FFP, UE can perform CCA immediately before the FFP and initiate its own COT as in FFP2. When the allocated or configured UL resources are not aligned with the start position of the FFP, UE can detect DL signals/channels from beginning of the FFP associated with gNB or receive indication from gNB. If DL signals/channels are detected, or indication shows that gNB has initiated a COT, UE can share the gNB-initiated COT as in FFP3.
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Figure 2 UE initiated COT
Furthermore, for DG UL transmission which resources are aligned with the starting position of the FFP associated with UE, gNB can further indicate in the DCI with a dedicated field to disable the UE-initiated COT. When the functionality is disabled, UE must share the gNB-initiated COT to perform UL transmission. 
Proposal 4: When the configured or scheduled UL resources are aligned with the starting position of the FFP associated with UE, UE initiates the COT to perform UL transmission.
gNB can share the COT initiated by the UE in an FFP. As in the case that UE shares the COT initiated by gNB in a FFP，gNB can determine the beginning of the COT by detecting the UL transmission from the beginning of the FFP. E.g., gNB can detect the possible CG UL transmission according to the configuration from the beginning of the FFP or detect the DG UL transmission according to the scheduling from the beginning of the FFP.  The detection of any UL transmission indicates that the UE has initiated a COT. No additional indication is needed to indicate that UE has initiated a COT in an FFP. According to proposal 4, if the UE starts transmission from the beginning of the associated FFP, it is mandated that UE initiates the COT by itself. The gNB can then share the COT of the UE regardless of the gap between the UL transmission and the DL transmission. If the gap is larger than 16us, an additional CCA should be made. 
Taking into account this new UE-to-gNB COT sharing feature, the previous agreement on the detection of gNB initiated COT in a FFP should also be further enhanced since the detected DL signals may be transmitted within the shared COT initiated by other UE during a FFP. Therefore, UE should either detect signalling from the beginning of the FFP associated with gNB, or receive indication from gNB. In order to allow COT sharing to multiple UEs, some group-common or broadcast signalling should be sent at the beginning of the FFP associated with gNB. Otherwise, only the scheduled UEs with PDCCH sent from the beginning of the FFP can share the gNB-initiated COT. If UE receives indication from gNB, the indication can be either a remaining COT with duration zero, or a DCI field shows that whether gNB has initiated a COT. The remaining COT with duration zero means that UE cannot share the COT with gNB. 
Proposal 5: gNB can detect either configured or scheduled transmissions from the beginning of the FFP to determine if the UE has initiated a COT.

Proposal 6: gNB can share the UE initiated COT regardless of the gap between the UL transmission and the DL transmission. 
Proposal 7: For gNB-to-UE COT sharing, the following options can be further considered:

· Option 1: UE detects group-common or broadcast signalling from the beginning of the FFP configured for gNB.
· Option 2: gNB indicates the remaining COT duration as zero if it shares the COT initiated by other UE.

· Option 3: gNB indicates the initiating of a COT to UE.
1.4. PRACH

To be systematically consistent, the IDLE mode UE should also be able to operate as a COT-initiating device based on semi-static channel access. Otherwise, to support UE initiated-COT used for random access, e.g. PRACH, Msg.3 transmission, UE needs to implement additional LBT scheme e.g. LBE mode, which increase UE complexity unnecessarily for such unlicensed controlled environment. To support IDLE mode UE as COT-initiating device using semi-static channel access scheme, the UE should obtain FFP parameters from SIB-1. In this case, only the ROs that align with the start boundary of the FFP can be used for PRACH transmission. To allow more transmission opportunities for PRACH, it is better to let the UE make the decision. If the FFP associated with gNB is known, and the ROs are within the COT of the gNB, UE shares the gNB initiated COT. If the ROs are outside the COT of the gNB, UE initiates the COT for PRACH transmission.
Proposal 8: UE-initiated COT should be supported for IDLE mode UE.
3. Harmonizing UL CG enhancements in NR-U and URLLC
For harmonizing UL CG enhancements in NR-U and URLLC for operating URLLC in unlicensed band, one key issue is whether to support the operation based on the combined URLLC and NR-U CG features. 
As shown in the appendix Table 1, many UL CG features are different for Rel-16 NR-U and Rel-16 URLLC. If the direction of combining the URLLC and NR-U CG features is adopted, large specification efforts and time are needed, while the necessity and benefits are not clear for the unlicensed controlled environments. Therefore, it is more constructive to focus on how to support CG based on URLLC designed features operating in unlicensed band; and how to support CG based on NR-U designed features to meet the URLLC requirements in terms of latency and reliability. 
Proposal 9: For harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum, focus on following

· Study the necessary enhancements for CG using Rel-16 URLLC designed features for operation in unlicensed band;
· Study the necessary enhancements for CG using Rel-16 NR-U designed features to support URLLC requirements in terms of latency and reliability.

It was agreed in the RAN1#102-e meeting that 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. From our understanding, the configuration of cg-RetransmissionTimer determines which scheme is used for operating CG on unlicensed band. For example, when the cg-RetransmissionTimer is configured, then the NR-U like mechanism mainly featured by supporting CG-UCI, CG-DFI, automatic re-transmission is used for CG transmission in unlicensed band; when the cg-RetransmissionTimer is NOT configured, then the URLLC like mechanism is selected for CG in unlicensed carrier.
In Rel-16 NR-U, the cg-RetransmissionTimer is configured under ConfiguredGrantConfig, implying each CG configuration can have separate values for cg-RetransmissionTimer, but the field is always configured for operation with shared spectrum channel access together with harq-ProcID-Offset. Therefore, when there are multiple CG configurations configured for an unlicensed carrier, the configuration for cg-RetransmissionTimer is actually per CC. 

For Rel-17 URLLC operation in unlicensed band, it was agreed the configuration of cg-RetransmissionTimer is not mandated. However, it is not clear that when multiple CG configurations are configured for a serving cell, whether the configuration (i.e., presence or absence) for cg-RetransmissionTimer is per CC or per CG. Per CG configuration of cg-RetransmissionTimer provides more flexibility. However, the benefits are not clear by allowing one CG using NR-U scheme and the other CG using URLLC mechanism on the same carrier. Rather, it may complicate some configurations and/or procedures: HARQ ID conflicts, CG retransmission etc.
Proposal 10: Clarify the configuration of cg-RetransmissionTimer is per CG or per cell when multiple CGs are configured for an unlicensed carrier. 

For operation of CG using NR-U feature to support URLLC traffic, following modifications/enhancements should be discussed:

· Adding the field of phy-PriorityIndex per configuration
· Clarify that the field of pusch-RepTypeIndicator is not configured when cg-RetransmissionTimer is configured for Type 1 CG.
· Enhancement on the field of “cg-UCI-Multiplexing”  
· Enhancement on the field of “startingFromRV0”
For phy-PriorityIndex, it is introduced in Rel-16 URLLC. It is clear that the parameter is necessary to distinguish the CG is for high priority or low priority traffic and useful for intra-UE prioritization and multiplexing.
For pusch-RepTypeIndicator, it is introduced in Rel-16 URLLC and used for Type 1CG, indicating the PUSCH repetition is PUSCH repetition type A or PUSCH repetition type B. This field is not needed since it is more straightforward to re-use the cg-nrofPUSCH-InSlot and cg-nrofSlots for CG PUSCH repetitions in unlicensed band. 
Proposal 11: 
· Support configuration of phy-PriorityIndex field for CG operation in unlicensed band.

· The field of pusch-RepTypeIndicator is NOT configured for operation with shared spectrum channel access for Type 1 CG.
For cg-UCI-Multiplexing, it is introduced in Rel-16 NR-U. When the field is configured, it supports the CG-UCI and HARQ-ACK are jointly encoded and multiplexed in CG-PUSCH in the case the PUCCH overlaps with CG-PUSCH within a PUCCH group. When the field is not configured, in the case of PUCCH overlapping with CG-PUSCH within a PUCCH group, and if the PUCCH carries HARQ-ACK feedback, configured grant PUSCH is skipped. However, in Rel-16 URLLC, for the case of PUCCH with HARQ-ACK colliding with CG-PUSCH, which UL transmission i.e., CG-PUSCH or the PUCCH carrying HARQ-ACK is dropped or the UCI is multiplex on CG-PUSCH depends on the priority for the CG-PUSCH and PUCCH. If CG-PUSCH has higher priority than the PUCCH, CG-PUSCH will not be skipped, and the PUCCH is dropped. If CG-PUSCH has the same priority of PUCCH, then the UCI can be multiplexed on the CG-PUSCH. Only when the CG-PUSCH has lower priority than the PUCCH, the CG-PUSCH will be skipped.
In Rel-16, for the UCI and PUSCH with different prioritizes, the multiplexing is not supported. In Rel-17, the multiplexing for high priority HARQ-ACK on low priority PUSCH or low priority HARQ-ACK on high priority PUSCH will be supported based on following agreements made in RAN1#102 [1].

	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.


Therefore, some enhancements on the parameter is necessary to take into account the priorities between CG-PUSCH and PUCCH, Rel-16 supported prioritization only rule and/or Rel-17 multiplexing rule that will be supported. One simple enhancement is that the parameter and associated mechanism is only applicable for the PUCCH and CG-PUSCH with the same priority; for the PUCCH and CG-PUSCH with different priorities, Rel-16 rule is used.  
Proposal 12: It is necessary to enhance the cg-UCI-Multiplexing field to support CG using NR-U like mechanism for URLLC traffic by taking into account intra-UE prioritization/multiplexing.  
For field of startingFromRV0, it was introduced in Rel-16 URLLC. If it is set to 'off', the initial transmission of a transport block may only start at the first transmission occasion of the K repetitions. Otherwise, the initial transmission of a TB starts at the occasion associated with the RV=0. This field can be used to control the tradeoff between reliability (e.g. initial transmission can only start at the first transmission occasion of the K repetitions) and latency (e.g. allow more transmission opportunities for the initial transmission so that it can start at the occasion associated with the RV=0). For Rel-16 NR-U, the RV for CG PUSCH is determined by UE-self. Therefore, it is possible the transmission(s) may not include any RV equaling to 0. For CG using NR-U mechanism to support URLLC traffic, some enhancement is necessary to ensure the reliability of CG PUSCH. For example, the parameter can be reused to control whether the RV for initial CG-PUSCH determined by the UE should be 0. 
Proposal 13: To ensure the URLLC reliability for CG PUSCH using NR-U mechanism, startingFromRV0 can be used to control whether the RV for initial CG-PUSCH determined by the UE should be 0.
4. Conclusion

In this contribution, we discussed potential enhancements to channel access mechanism for URLLC/IIoT in unlicensed spectrum. The following proposals are given:

Proposal 1: FFP periodicity should be explicitly configured via dedicated RRC signaling or SIB-1.
Proposal 2: FFP periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT.
Proposal 3: The transmission restriction only applies to an active idle period. There is no need to prioritize any inactive idle period. 
Proposal 4: When the configured or scheduled UL resources are aligned with the starting position of the FFP associated with UE, UE initiates the COT to perform UL transmission.
Proposal 5: gNB can detect either configured or scheduled transmissions from the beginning of the FFP to determine if the UE has initiated a COT.
Proposal 6: gNB can share the UE initiated COT regardless of the gap between the UL transmission and the DL transmission.
Proposal 7: For gNB-to-UE COT sharing, the following options can be further considered:
Option 1: UE detects group-common or broadcast signalling from the beginning of the FFP configured for gNB.
Option 2: gNB indicates the remaining COT duration as zero if it shares the COT initiated by other UE.

Option 3: gNB indicates the initiating of a COT to UE.
Proposal 8: UE-initiated COT should be supported for IDLE mode UE.
Proposal 9: For harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum, focus on following
Proposal 10: Clarify the configuration of cg-RetransmissionTimer is per CG or per cell when multiple CGs are configured for an unlicensed carrier.
Proposal 11:
· Support configuration of phy-PriorityIndex field for CG operation in unlicensed band.

· The field of pusch-RepTypeIndicator is NOT configured for operation with shared spectrum channel access for Type 1 CG.
Proposal 12: It is necessary to enhance the cg-UCI-Multiplexing field to support CG using NR-U like mechanism for URLLC traffic by taking into account intra-UE prioritization/multiplexing.
Proposal 13: To ensure the URLLC reliability for CG PUSCH using NR-U mechanism, startingFromRV0 can be used to control whether the RV for initial CG-PUSCH determined by the UE should be 0.
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Appendix 
Table 1: Configured grant (CG) features supported in Rel.16 NR-U and Rel.16 URLLC
	CG features
	Rel.16 URLLC
	Rel.16 NR-U

	Multiple CG configurations
	Supported 
	Supported 

	HARQ process number/ ID determination
	Associated with the configured/indicated first TO, calculated based on the equation defined in TS 38.321
	Decide and reported by the UE in CG-UCI

	Management of HARQ process number/ ID among multiple CG configurations
	Not shared between different CG configurations in the same BWP
	Can be shared between different CG configurations in the same BWP

	RV determination 
	One of the three RV sequence can be configured and associated with TO

{0,0,0,0}; {0,3,0,3}; {0,2,3,1}
	Decide and reported by the UE in CG-UCI

	Flexible initial transmission occasion (TO) 
	If the CG is configured with Configuredgrantconfig-StartingfromRV0 set to 'off', the initial transmission only starts at the first TO of the K repetitions; otherwise, the initial transmission TO depends on the configured RV sequence and K repetitions. 
	Multiple consecutive potential TOs are configured by cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16, can start initial transmission at any TOs depending on the LBT results.

	Repetition scheme(s)
	PUSCH repetition Type A and PUSCH repetition Type B
	Similar as PUSCH repetition Type B without supporting segmentation. (no support of cross-slot resource allocation, and if collide with invalid symbol(s), drop the repetition)

	CG-Downlink feedback information (DFI)
	No support. If Re-scheduling UL grant is not received, UE assumes ACK.
	Support, If CG-DFI is not received, UE assumes NACK. 

	CG Re-transmission timer
	No support
	Support and always configured

	CG Re-transmission scheme
	Only support Re-transmission scheduled by UL grant
	Support automatic re-Transmission on the same or different CG configuration decided by UE, and support re-Transmission scheduled by UL grant
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