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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#102-e we agreed the following:
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:
· 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.


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

[bookmark: _Hlk49462189]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

In RAN1#102-e, we made the following conclusion on CG-PUSCH harmonisation:

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.

This contribution discusses some considerations in UE initiated COT for semi-static channel access and CG-PUSCH harmonisation.
2. Semi-Static Channel Access
In RAN1#102-e, it was agreed that the start of the FFP, i.e. the FFP offsets for the UE and the gNB can be different and therefore are independently configured.  It was FFS whether the period, i.e. the duration of the FFP for the UE can also be different.  If the FFP duration between the UE and the gNB cannot be different, then long FFP duration may lead to high latency for UE UL transmissions.  For example, in Figure 1, the FFP duration of the gNB and UE are the same but with different starting FFP offset.  If UL data arrives at time t2, after the start of the UE FFP, then the UE cannot transmit it straight away even if there are CG-PUSCH resources since the UE needs to perform an LBT and the next CCA phase is at time t3.  Hence there is a delay between time t4 and t2 which may not be acceptable for URLLC transmissions.
Observation 1: If the FFP duration between the gNB and UE cannot be different, the UE may face delay for its UL transmission. 
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[bookmark: _Ref54001721]Figure 1: Delay in UL transmissions due to UE long FFP duration

If the FFP durations for gNB and UE can be different, then UE with URLLC traffic can be configured with shorter FFP duration, thereby providing more opportunities for the UE to initiate a COT.  For example in Figure 2, the UE has a shorter FFP duration than that for the gNB and once again, UL data arrives in the middle of the UE’s FFP at time t2.  Comparing to the example in Figure 1, since the UE has a shorter FFP duration, it is able to access the channel earlier and thereby reduce the delay in transmitting its UL data.  Hence, it is beneficial that the FFP duration (period) for the gNB and UE can also be different.
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[bookmark: _Ref54007632]Figure 2: UE's FFP duration smaller than gNB's FFP duration
Proposal 1: The FFP duration (period) for the gNB and UE can be configured to be different.

Since different UEs may have different traffic, e.g. eMBB vs URLLC, it is beneficial that they can have different FFP configurations for the starting offset and duration, so that the gNB can configure a shorter FFP duration for UEs with URLLC traffic  to provide more transmission opportunities and a longer FFP duration for UEs with eMBB traffic.  Similarly, a UE can support multiple traffic types, e.g. eMBB and URLLC, and so it is also beneficial that a UE can be configured with multiple FFP configurations.
Proposal 2: The starting FFP offset and FFP duration are independently configured for each UE.
Proposal 3: A UE can be configured to support multiple FFP configurations.

The FFP in Rel-16 is contiguous for a device, where the device has the opportunity to access the channel at the start of each FFP.  For delay tolerant devices with infrequent data, the FFP does not need to be contiguous and gaps can be provided between two FFPs thereby allowing the device to sleep and save power.  URLLC UEs with low latency requirement can therefore face less contention during these gaps of delay tolerant UEs.  An example is in Figure 3, where between time t3 and t4 a gap is shown between two FFPs.
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[bookmark: _Ref54014740]Figure 3: Gap between UE's FFPs

Proposal 4: Consider introducing gaps between two FFPs of a UE where the UE cannot initiate a COT.

A UE that has initiated a COT may only use a fraction of the COT for its UL transmission.  This may cause delay for other devices, especially a gNB, if it wants to use the channel to schedule another UE.  An example is shown in Figure 4, where the UE initiated a COT at time t1 and finished its PUSCH transmission at time t2.  Here the gNB can only start its LBT process at time t3 and access the channel at time t4 thereby introducing delay (between time t2 to t4) in scheduling another UE. 
Observation 2: A UE that has initiated COT may use only a fraction of that COT, which may cause delay for a gNB in accessing the channel in scheduling other UEs.
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[bookmark: _Ref54017482]Figure 4: Delay in scheduling another UE at the gNB

One way to reduce the delay described in Figure 4, is to allow a UE that has initiated a COT to release its COT, i.e. pass the ownership of the COT to the gNB.  The gNB can then use the remaining portion of the UE’s COT to schedule another UE.  That is instead of just sharing the COT, where the gNB acts as a responding device for HARQ-ACK feedbacks, the UE passes ownership of its COT to the gNB and the gNB can use that COT as if it had initiated it, i.e. the gNB can schedule other UEs.  An example is shown in Figure 5, where the UE acquires the COT at t1 and finishes transmitting its PUSCH at time t2.  It then releases its COT to the gNB thereby allowing the gNB to take ownership of the COT and schedules another UE at time t3, instead of having to wait till time t4 to acquire the COT as in the example in Figure 4.  This reduces the gNB delay in scheduling other UEs.
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[bookmark: _Ref54018235]Figure 5: UE releases COT to gNB
Proposal 5: Allow a UE that has initiated a COT to release ownership of the COT to the gNB.

It was FFS whether to support UE initiated COT for semi-static channel access in Idle Mode.  If a UE cannot initiate a COT in Idle Mode, then the UE can only perform a PRACH as a responding device, that is, the gNB is required to transmit in an FFP, e.g. a SIB, in order for the UE to perform a PRACH.  Such transmissions may introduce interference and may also deprive a UE in Connected Mode from initiating a COT, e.g. if the UE is performing LBT whilst the gNB is transmitting the SIB.  Hence, it is beneficial that UE initiated COT for semi-static channel access is also supported in Idle Mode.
Proposal 6: UE initiated COT for semi-static channel access is supported in Idle Mode.

3. CG-PUSCH Harmonisation
In this section, we discuss the CG-PUSCH harmonisation, feature by feature based on Table 1 in R1-2005376 [2], as per the conclusion in the RAN1#102e meeting.  In addition to the features listed in Table 1 in R1-2005376, we also consider the UE behaviour when interacting with SFI and L1 priority.

3.1 Multiple CG configurations
[bookmark: _Hlk54123533]Since both Rel-16 URLLC and NR-U are already supported, Rel-17 unlicensed URLLC should support multiple CG configurations. It is not needed to consider harmonisation between URLLC and NR-U for this feature.
Proposal 7: Harmonisation for multiple CG configurations is not required, since both Rel-16 URLLC and NR-U already support multiple CG configurations.

3.2 CG-UCI
The following compares the use of CG-UCI in Rel-16 NR-U against a non-CG-UCI operation in Rel-16 URLLC.

3.2.1 HARQ process number/ ID determination
HARQ process number (HPN) / ID is associated with the configuration in Rel-16 URLLC since CG-UCI is not supported, while HPN/ ID can be decided by the UE and reported to network using CG-UCI in Rel-16 NR-U. As flexible HPN determination would be beneficial also for URLLC, supporting CG-UCI in URLLC is preferable.
Observation 2: By supporting CG-UCI in URLLC, HARQ process number/ID can be flexibly determined.

3.2.2 Management of HARQ process number/ ID among multiple CG configurations
As far as HPN determination is concerned, HPN cannot be shared between different CG configurations in Rel-16 URLLC since HPN is associated with CG configuration by RRC signalling, while HPN can be shared between different CG configurations by reporting HPN in CG-UCI in Rel-16 NR-U. Flexible management of HPN would be beneficial for URLLC, hence supporting CG-UCI in URLLC is preferable.
Observation 3: By supporting CG-UCI in URLLC, HARQ process number/ID can be shared between different CG configuration in the same BWP.

3.2.3 RV determination
As far as RV determination is concerned, RV pattern for the CG repetition is configured and associated with transmission occasion in Rel-16 URLLC, while RV can be decided by the UE and reported to the network using CG-UCI in Rel-16 NR-U. Since flexible RV determination would be beneficial also for URLLC, supporting CG-UCI in URLLC is preferable.
Observation 4: By supporting CG-UCI in URLLC, RV for repeated PUSCH can be flexibly determined.

Since the flexibility in HPN determination, management of HPN, and RV determination offered by CG-UCI, is beneficial for URLLC operation in an unlicensed band, Rel-17 unlicensed URLLC should support CG-UCI.
Proposal 8: CG-UCI is supported in Rel-17 unlicensed URLLC.

3.3 Flexible initial transmission occasion (TO)
In Rel-16 URLLC, 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. On the other hand, in Rel-16 NR-U, multiple consecutive potential TOs are configured by cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16, can start initial transmission at any TOs. Since Rel-16 NR-U configuration is more flexible for initial TO than Rel-16 URLLC configuration, Rel-17 unlicensed URLLC should consider flexible TO configuration based on Rel-16 NR-U configuration. However, since Rel-16 NR-U doesn’t support cross-slot TO and PUSCH segmentation, cross-slot TO configuration should be further considered if cross-slot TO and PUSCH segmentation are supported.
Proposal 9: The parameters “cg-nrofPUSCH-InSlot-r16” and “cg-nrofSlots-r16” should be used in Rel-17 unlicensed URLLC. 
Proposal 10: Cross-slot transmission occasion (TO) configuration should be considered if cross-slot TO and PUSCH segmentation are supported.

3.4 Repetition scheme(s)
Rel-16 URLLC supports PUSCH repetition Type B in addition to PUSCH repetition Type A. Rel-16 NR-U supports similar CG resource allocation as PUSCH repetition Type B but doesn’t support PUSCH segmentation. If CG resource collides with DL or invalid symbols, CG-PUSCH transmission on the CG resource must be dropped, which may impact on CG-PUSCH reliability. Therefore, PUSCH segmentation should be supported in Rel-17 unlicensed URLLC.
Proposal 11: Rel-17 unlicensed URLLC supports PUSCH segmentation.

3.5 CG-Downlink feedback information (DFI)
Since Rel-16 URLLC doesn’t support CG-DFI, UE assumes ACK for CG-PUSCH unless UL grant corresponding to the CG-PUSCH is received. On the other hand, Rel-16 NR-U supports CG-DFI. UE assumes NACK for the CG-PUSCH if CG-DFI is not received until CG retransmission timer corresponding to the CG-PUSCH expires. Another benefit of DFI is early termination of the CG-PUSCH repetition. If ACK for the early PUSCH is indicated by CG-DFI in the middle of the CG-PUSCH repetition, the remaining CG-PUSCH transmission in the repetition can be terminated.
Proposal 12: Rel-17 unlicensed URLLC supports CG-DFI.

3.6 CG Re-transmission timer
Rel-16 URLLC doesn’t support CG retransmission timer, while Rel-16 NR-U supports CG retransmission timer. In RAN1#102e, it has been agreed that configuration of (cg-RetransmissionTimer) is not mandated at least for FBE. The discussion point seems only whether configuration of (cg-RetransmissionTimer) is not mandated for LBE. However, the motivation to operate URLLC using LBE is not clear. Therefore, we don’t need to further discuss harmonisation for this feature.
Observation 5: It has been agreed in RAN1#102e that configuration of (cg-RetransmissionTimer) is not mandated at least for FBE. There is no strong motivation to apply it for LBE.

3.7 CG Re-transmission scheme
In Rel-16 URLLC, since CG-DFI is not supported, retransmission of CG-PUSCH is only allowed when UL grant corresponding the CG-PUSCH is received. On the other hand, in Rel-16 NR-U, CG-DFI and CG retransmission timer are supported, automatic retransmission of the CG-PUSCH is supported. It would be beneficial in URLLC to support automatic retransmission on the same or different CG configuration, since it will bring the benefit of flexible CG retransmission.
Observation 6: By using CG retransmission timer and CG-DFI, automatic retransmission of CG-PUSCH on the same or different CG configuration can be supported.

3.8 UE behaviour when SFI is not detected
In Rel-16 URLLC, CG-PUSCH cannot be transmitted on semi-static ‘F’ symbols if SFI is not detected. Since GC-PDCCH carrying SFI is not reliable enough, CG-PUSCH transmission tends to drop. On the other hand, Rel-16 NR-U has introduced the parameter “enableConfiguredUL” which configures that configured UL (including CG-PUSCH, PUCCH, and SRS) can be transmitted on semi-static ‘F’ symbols even if SFI is not detected. It would be beneficial for URLLC since CG transmission opportunities could be increased. The parameter “enableConfiguredUL” should be supported in Rel-17 unlicensed URLLC and always enabled together with some other URLLC parameters (e.g. Type B repetition).
Proposal 13: The parameter “enableConfiguredUL” should always be supported in Rel-17 unlicensed URLLC.
Proposal 14: If some other URLLC parameters (e.g. Type B repetition) are enabled, the parameter “enableConfiguredUL” should also be enabled.

3.9 L1 priority
Rel-16 URLLC support L1 priority, while Rel-16 NR-U doesn’t support L1 priority. For URLLC operation, L1 priority indication is utilized for PHY-layer collision handling, UL scheduling, etc. Rel-17 unlicensed URLLC should support L1 priority indication in CG-PUSCH. If it is allowed to share HPN between different CG configurations, how to indicate L1 priority may be further considered, e.g. by using CG-UCI.
Proposal 15: Rel-17 unlicensed URLLC should support L1 priority indication in CG-PUSCH.

3.10 Summary
We provide a summary for CG-PUSCH Harmonisation in Table 1.  
[bookmark: _Ref54019738]Table 1: Summary for CG-PUSCH Harmonisation
	CG features
	Rel.16 URLLC
	Rel.16 NR-U
	Rel.17 unlicensed URLLC

	Multiple CG configurations
	Supported 
	Supported 
	Already 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
	Use NR-U’s scheme

	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
	Use NR-U's scheme

	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
	Use NR-U’s scheme

	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.
	Multiple consecutive potential TOs should be configured by cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16
Support of cross slot TO configuration should be further considered.

	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)
	Support PUSCH segmentation

	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. 
	Should be supported

	CG Re-transmission timer
	No support
	Support and always configured
	Should support, but configurable

	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
	Use NR-U’s scheme.

	UE behaviour when SFI is not detected
	CG-PUSCH cannot be transmitted on semi-static ‘F’ symbols if SFI is not detected, otherwise it follows the SFI indication.
	If enableConfiguredUL is enabled by RRC then CG-PUSCH can be transmitted on semi-static ‘F’ symbols if SFI is detected and ‘F’ is indicated as UL, and transmitted on semi-static ‘F’ symbols if SFI is not detected
If enableConfiguredUL is disabled by RRC then CG-PUSCH cannot be transmitted on semi-static ‘F’ symbols regardless whether SFI is detected
	Support enableConfiguredUL.
enableConfiguredUL should be enabled together with some other URLLC parameters (e.g. Type B repetition)

	L1 priority
	Supported
	Not supported
	Should be supported



4. Conclusion
In this contribution, we discuss some aspects of unlicensed URLLC.  We observe the following: 
Observation 1: If the FFP duration between the gNB and UE cannot be different, the UE may face delay for its UL transmission. 
Observation 2: A UE that has initiated COT may use only a fraction of that COT, which may cause delay for a gNB in accessing the channel in scheduling other UEs.
Observation 2: By supporting CG-UCI in URLLC, HARQ process number/ID can be flexibly determined.
Observation 3: By supporting CG-UCI in URLLC, HARQ process number/ID can be shared between different CG configuration in the same BWP.
Observation 4: By supporting CG-UCI in URLLC, RV for repeated PUSCH can be flexibly determined.
Observation 5: It has been agreed in RAN1#102e that configuration of (cg-RetransmissionTimer) is not mandated at least for FBE. There is no strong motivation to apply it for LBE.
Observation 6: By using CG retransmission timer and CG-DFI, automatic retransmission of CG-PUSCH on the same or different CG configuration can be supported.

We therefore propose the following:
Proposal 1: The FFP duration (period) for the gNB and UE can be configured to be different.
Proposal 2: The starting FFP offset and FFP duration are independently configured for each UE.
Proposal 3: A UE can be configured to support multiple FFP configurations.
Proposal 4: Consider introducing gaps between two FFPs of a UE where the UE cannot initiate a COT.
Proposal 5: Allow a UE that has initiated a COT to release ownership of the COT to the gNB.
Proposal 6: UE initiated COT for semi-static channel access is supported in Idle Mode.
Proposal 7: Harmonisation for multiple CG configurations is not required, since both Rel-16 URLLC and NR-U already support multiple CG configurations.
Proposal 8: CG-UCI is supported in Rel-17 unlicensed URLLC.
Proposal 9: The parameters “cg-nrofPUSCH-InSlot-r16” and “cg-nrofSlots-r16” should be used in Rel-17 unlicensed URLLC. 
Proposal 10: Cross-slot transmission occasion (TO) configuration should be considered if cross-slot TO and PUSCH segmentation are supported.
Proposal 11: Rel-17 unlicensed URLLC supports PUSCH segmentation.
Proposal 12: Rel-17 unlicensed URLLC supports CG-DFI.
Proposal 13: The parameter “enableConfiguredUL” should always be supported in Rel-17 unlicensed URLLC.
Proposal 14: If some other URLLC parameters (e.g. Type B repetition) are enabled, the parameter “enableConfiguredUL” should also be enabled.
Proposal 15: Rel-17 unlicensed URLLC should support L1 priority indication in CG-PUSCH.
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