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1 Introduction
In RAN 1 102-e meeting, RAN1 made the following agreements on basic procedures for UE-initiated FBE and some guidance for harmonizing CG-PUSCH in URLLC and NR-U. 

	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

[bookmark: _Hlk49462189]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


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.


In this contribution, how to support UE-initiated COT and analysis of potential modification to harmonize UL configured-grant in NR-U and URLLC is provided. 
2 UE-initiated COT for FBE
In RAN1 102e meeting, it was agreed that the basic procedure for gNB initiated COT can be reused for UE-initiated by exchanging UE and gNB roles, while there’re some FFS points which may need additional design for UE-initiated COT for FBE. 
Issue 1: whether/how to support additional restrictions to the idle period 
It is understood that, the regulation clearly describes no transmission is allowed in the idle period of a FFP associated with the initiating device when a single device initiates a COT, but the regulation does not consider the case both gNB and UE can initiate its own COT while acting as responding device at the same time. In last meeting, some companies have concern that no gap is left if a gNB and its serving UEs take turns to initiate COT which are overlapped in time domain, which may not violate the regulation but it is apparently unfair to other RATs. As shown in Figure 1a, a gNB or a UE can transmit in the blank blocks, UL transmission is allowed but DL transmission is forbidden in green blocks, and DL transmission is allowed but UL transmission is forbidden in blue blocks. Consequently, there is no gap clear for other nodes, which consistently forbids the access from the other nodes. To avoid such aggressive channel occupation, it is reasonable to ensure an idle period with any transmission from neither a gNB nor its serving UE. The most straightforward way is to forbid any transmission in gNB’s idle period as shown in Figure 1b. 


  
Figure 1a                                                 Figure 1b   
Proposal 1: Support the transmission restriction on gNB’s idle period to ensure fair co-existence with other FBE nodes, i.e. the transmission from neither a gNB not its UE is allowed in gNB’s idle period. 

Issue 2: UE-initiated COT for idle UE 
In last meeting, RAN1 discussed whether only supports UE-initiated COT for RRC connected UE, or for both RRC connected and RRC idle/inactive UE. Considering enabling UE-initiated COT for idle UE can facilitate RACH procedure with comparable latency as over licensed band, it is beneficial to support UE-initiated COT for both RRC connected and RRC idle/inactive UE. 
Proposal 2: Support UE-initiated COT for idle UE.

Issue 3: UE-initiated COT parameter configuration 
Considering the period of a channel occupancy can be different for a gNB and a UE, e.g. it would be beneficial to configure UL FFP aligned with CG-PUSCH while it is beneficial to configure DL FFP aligned with GC-PDCCH or SS/PBCH to enable immediately transmission at the beginning of the COT, it makes sense to support separate period configuration for a gNB and UEs. For UE-initiated COT, the start of FFP can be different from the start of FFP for gNB-initiated COT. gNB can configure the start of a UE’s FFP by the frame/slot/symbol-level offset with reference to a certain radio frame or with reference to the stat of gNB’s FFP. 
There was also some discussion for whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameter, e.g. based on UL CG configuration. On one hand, it saves additional RRC signaling for UE FFP configuration, if the FFP parameter is implicitly derived by some other UL transmission parameters. On the other hand, the candidate FFP period {1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms} is not always well-matched with the UL transmission configurations, e.g. the period of CG PUSCH would be 2 symbols, which requires additional rule to define the relation between a FFP and CG PUSCH configuration. Besides, there could be multiple UL transmissions which may benefit from UE-initiated COT, e.g. multiple CG PUSCH configurations with different period and offset and also RACH resources, it would require complicated rule to determine UE FFP parameters from which one of these UL configurations. Therefore, implicit UE FFP parameter determination should be deprioritized.  
Proposal 3: Support explicit configuration of FFP parameters for UE-initiated COT 
· Independent period configuration for UE and gNB-initiated COT 
· UE-specific offset with reference to a certain radio frame or with reference to the start of gNB’s FFP
· The configuration can be provided by both SIB1 and UE-dedicated RRC signaling 

Issue 4: Coordination between gNB and UE
In case both gNB and UE-initiated COT is enabled, the coordination between gNB and UE initiated COT should be studied to avoid any potential blocking between gNB and UE. 
Regarding how to achieve the coordination, there can be two different options.
· Option 1: Reusing existing signaling/mechanism to dynamically enable/disable a UE’s COT 
· Option 2: New signaling/mechanism to dynamically enable/disable a UE’s COT 
For option 1, the following existing signaling/mechanism can be used to dynamically enable/disable a UE’s COT  
· For a scheduled UL transmission starting at the beginning of the FFP provided UE-initiated COT, gNB allows the UE to initiate a COT if gNB indicates a 9us LBT in the UL grant, or gNB disables the UE to initiate a COT if gNB indicates Type 2C (no LBT) channel access in the UL grant. 
· For a higher-layer configured UL transmission starting at the beginning of the FFP provided UE-initiated COT, gNB triggers the UE to initiate a COT if gNB does not cancel the UL transmission, e.g. by SFI. gNB disables the UE to initiate a COT if gNB cancels the UL transmission, e.g. by SFI or by dynamic scheduling to overwrite the CG PUSCH for a symbol location not starting at the beginning of the FFP provided UE-initiated COT. 
For option 2, a gNB may add new bit field in a UE-specific DCI for scheduled PUSCH, and also requires new rule to determine whether to initiate a COT for higher-layer configured UL transmissions. 
Comparing option 1 and option 2, option 2 needs large standard effort but its benefit is unclear. Explicit singling to disable a COT does not help to save UE power, because a UE anyway has to perform 9us LBT as long as the gap between previous burst and current burst is larger than 16us, no matter the UE works as an initiating device or responding device. Therefore, option 2 can be considered only if the scenario and benefit of option 2 is clearly identified. 
Observation: A gNB can dynamically allow/disable a UE’s COT by the existing signaling/mechanism. No motivation/benefit of a new signaling to explicitly indicate to UE to initiate a COT has been identified yet.   
Proposal 4: No support of new signaling/mechanism to allow/disable a UE to initiate a COT. Existing signaling/mechanism is sufficient. 

Issue 5: UE-to-gNB COT sharing
Similar to gNB-to-UE COT sharing, a UE can share its COT to the gNB after the UE successfully initiates a COT. Unlike LBE wherein the LBT energy threshold is different for the case that a UE shares its COT and a UE does not share its COT, the LBT threshold is the same for both cases in FBE. Therefore, there is no motivation for a UE not to share its COT to the gNB after the UE successfully initiates a COT. The only clarification point for whether a UE shares its COT to gNB is, how gNB knows the detected UL transmission at the beginning of UE’s FFP is from a UE initiates a COT or from the UE acting as a responding device in a gNB’s FFP. As discussed above, for scheduled UL transmission, whether a UE initiates a COT is determined by gNB LBT indication in the UL grant, thus gNB knows whether the detected scheduled UL transmission is from a UE-initiated COT or within a gNB’s shared COT. For higher-layer configured UL transmission, it is simple to avoid the uncertainty by requiring a UE to always perform 9us LBT for the UL transmission (which is not cancelled by gNB) so that gNB can safely assume the UE has initiated the COT. Therefore, there is no need for a UE to send an indication that it has initiated a COT. 
Proposal 5: No support of new signaling transmitted by UE to indicate whether a UE has initiated the COT. 
3 Harmonizing CG PUSCH in NR-U and URLLC
In last meeting, high-level options for URLLC operations in controlled environment in unlicensed bands were discussed [1]. 
· Option 1: Operation based on only URLLC CG features
· Option 2: Operation based on either URLLC CG features or NR-U CG features (NW configurability between two independent operational modes)
· Option 3: Operation based on combined URLLC and NR-U CG features 
Option 1 and option 2 are both simple options with minor standard impact, but it may not work efficiently due to LBT impact. Although the probability of LBT failure in controlled environment is much lower than unlicensed scenario considered in NR-U, LBT procedure is still required by the regulation and LBT blocking may still happen in controlled environment. Therefore, it is beneficial to consider some necessary combination of Rel-16 URLLC and NR-U CG features by option 3. 
Rel-16 URLLC CG features and NR-U CG features are summarized in table 1 in most-left 3 columns [2]. In general, these features can be divided into HARQ and repetition features. 
HARQ enhancement
Comparing with URLLC CG features, NR-U CG supports more flexible initial transmission occasion (within a set of consecutive slots per period) and automatic retransmission with CG-UCI according to CG retransmission timer and DFI. CG Re-transmission timer is mainly to avoid DTX-to-ACK error caused by the miss-detection of CG PUSCH at gNB side. Considering such error case would barely happen in controlled environment, RAN1 agreed to change mandatory configuration of CG Re-transmission timer to configurable configuration. However, when a gNB does not configure CG Re-transmission timer, it does not mean there is no benefit to support flexible initial transmission occasion and retransmission according to DFI. Flexible initial transmission occasion reduces latency for initial transmission if the traffic arrives later than the first transmission occasion even LBT failure probability is negligible. And automatic retransmission according to DFI can save UL grant(s) if more than one HARQ process of CG PUSCH needs retransmission, and support CG retransmission across CG configuration helps to reduce the latency. Furthermore, ACK in DFI supports early termination of repetition which also improves resource efficiency. All these benefits still hold in controlled environment. Therefore, it is reasonable to let gNB to flexibly configure these NR-U CG HARQ related features independently from CG Re-transmission timer as shown in the last column in table 1. 
Proposal 6: Support configurability for Rel-16 NR-U and URLLC HARQ enhancement independently from cg-retransmission timer. 

Repetition enhancement
In Rel-16, both slot-level and non-slot-level repetition is supported. For slot-level repetition, i.e. URLLC Type-A repetition, Rel-16 URLLC introduces dynamic repetition indication. For non-slot-level repetition, Rel-16 URLLC introduced type-B repetition to support consecutive transmission in time domain wherein a nominal repetition can cross slots and it can split into multiple actual repetitions around invalid symbols, and dynamic indication for repetition number is also supported for type-B repetitions. In Rel-16 NR-U, a new version of repetition (captured as type-A repetition in the standard) is introduced which supports repetition in any consecutive transmission occasions wherein the transmission occasions can be consecutive or inconsecutive in time domain depending on CG PUSCH resource configuration, but a single transmission occasion cannot cross the slot and the repetition (nominal) is dropped if it collides with invalid symbols. NR-U repetition can also support slot-level repetition by configuring cg-nrofPUSCH-InSlot-r16=1.
Comparing with Rel-16 URLLC, for slot-level repetition, NR-U repetition enhances URLLC type-A repetition by providing more transmission opportunities which is helpful to reduce the latency and ensure reliability with less probability to drop some of the repetitions when the UL traffic arrives later than 1st transmission occasion. For non-slot-level repetition, NR-U repetition may reduce the latency and ensure reliability if there is no invalid symbols, but URLLC type-B repetition may outperform in case of invalid symbol presence because type-B repetition does not drop the whole nominal repetition so that the total effective code rate within a given duration may be lower than NR-U repetition even if some of the nominal repetitions are dropped due to late arrival of UL traffic. To take advantage of type-B repetition and multiple transmission opportunity of NR-U repetition, the combination of multiple slots (configured by cg-nrofSlots-r16) and type-B repetition within the multiple slots can be studied. The potential combination of NR-U and URLLC for repetition transmission is shown in the last column in table 1 in yellow. 
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
	Rel-17 URLLC

	Multiple CG configurations
	Supported 
	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
	Configurable between Rel.16 URLLC and Rel-16 NR-U features
(independent from CG retransmission timer configuration)

	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
	Configurable between Rel.16 URLLC and Rel-16 NR-U features
(independent from CG retransmission timer configuration)

	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
	Configurable between Rel.16 URLLC and Rel-16 NR-U features
(independent from CG retransmission timer configuration)

	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.
	Configurable between Rel.16 URLLC and Rel-16 NR-U features
(independent from CG retransmission timer configuration)

	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)
	Configurable between Rel-16 URLLC type-A repetition and Rel-16 NR-U repetition with/without CG-UCI. 
If cg-nrofSlots-r16 is configured, gNB can configure type-B repetition over multiple slots. 

	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. 
	Configurable between Rel.16 URLLC and Rel-16 NR-U features
(independent from CG retransmission timer configuration)

	CG Re-transmission timer
	No support
	Support and always configured
	Configurable 
(independent from other HARQ features)

	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
	Configurable between Rel.16 URLLC and Rel-16 NR-U features
(independent from CG retransmission timer configuration)



For unlicensed operation, the transmitter has to perform LBT before the transmission. The resource for LBT should be considered when design the repetition. For URLLC type-A repetition, gNB can configure repetitions with at least 1 symbol gap between slots, so UE can perform LBT within this symbol. For URLLC type-B repetition, in case the UE splits one nominal repetition into two actual repetition around the invalid symbol, the UE has to perform LBT before each actual repetition. However, URLLC type-B repetition design does not provide sufficient gap between the invalid symbol and next actual repetition for LBT. For example, the actual repetition starts right after the end of SS/PBCH or Type-0 PDCCH CSS symbols as shown in Figure 2a. Then, LBT before 2nd actual repetition is blocked by SSB, thus 2nd actual repetition is dropped. If there is additional gap after SSB, as shown in Figure 2b, UE can transmit 2nd actual repetition after the successful LBT. 


Figure 2a                                         Figure 2b
Moreover, due to consecutive transmission of Type-B repetition, when one UE occupies the channel (e.g. UE1 in Figure 3a), the other UE (e.g. UE2 in Figure 3a) in the same LBT sub-band can not access the channel because LBT is blocked. Consequently, UE multiplexing by FDM is not supported if the start of actual transmission from different UEs is not aligned, e.g. due to different traffic arrival time for UE1 and UE2 even though gNB configures the same start symbol of CG PUSCH resources for these UEs. Such restriction not only degrades the resource efficiency but also causes large latency. It may not a critical issue in NR-U wherein typical traffic is eMBB, but it is undesirable for URLLC. Therefore, it is beneficial to study how to enable UE multiplexing when different UEs may start transmission in different symbols, e.g. a gap is needed as shown in Figure 3b. 


Figure 3a                                         Figure 3b

Proposal 7: For PUSCH repetition over unlicensed band, 
· Support configurability for Rel-16 NR-U repetition with/without CG-UCI and URLLC type-A/type-B repetition. 
· Study type-B repetition enhancement including multiple transmission occasions when cg-nrofSlots-r16 is configured, and gap enhancement to enable LBT operation. 
4 Conclusion
Based on the discussion above, the following observations and proposals are proposed. 
Observation: A gNB can dynamically allow/cancle a UE’s COT by the existing signaling/mechanism. No motivation/benefit of a new signaling to explicitly indicate to UE to initiate a COT has been identified yet.   
Proposal 1: Support the transmission restriction on gNB’s idle period to ensure fair co-existence with other FBE nodes, i.e. the transmission from neither a gNB not its UE is allowed in gNB’s idle period. 
Proposal 2: Support UE-initiated COT for idle UE.
Proposal 3: Support explicit configuration of FFP parameters for UE-initiated COT 
· Independent period configuration for UE and gNB-initiated COT 
· UE-specific offset with reference to a certain radio frame or with reference to the start of gNB’s FFP
· The configuration can be provided by both SIB1 and UE-dedicated RRC signaling 
Proposal 4: No support of new signaling/mechanism to allow/disablea UE to initiate a COT. Existing signaling/mechanism is sufficient. 
Proposal 5: No support of new signaling transmitted by UE to indicate whether a UE has initiated the COT. 
Proposal 6: Support configurability for Rel-16 NR-U and URLLC HARQ enhancement independently from cg-retransmission timer. 
Proposal 7: For PUSCH repetition over unlicensed band, 
· Support configurability for Rel-16 NR-U with/without CG-UCI and URLLC type-A/type-B repetition. 
· Study type-B repletion enhancement including multiple transmission occasions when cg-nrofSlots-r16 is configured, and gap enhancement to enable LBT operation. 
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