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1	Introduction
[bookmark: _Hlk47488960]In the previous meeting, the discussion in RAN1 on the following objective of Rel-17 IIoT/URLLC WID [1] was kicked-off
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
During the last meeting, the following agreements were made:
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]
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:
· 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 address the remaining issues with respect to channel access and harmonization of features for UL CG for operation on unlicensed bands.
[bookmark: _Ref178064866]2	Discussion
2.1	Channel access procedures
2.1.1	General view
Enabling UE-initiated COT is crucial for improving UL as well as DL performance. The configuration, applicability and management of gNB and UE initiated COTs are up to the gNB. Since different UEs would experience different DL/UL transmissions, the gNB needs flexibility to assign UE FFP parameters in addition to gNB FFP parameter properly such that the traffic demands are met. From our point of view, with respect to UE-initiated COT design, there is no justification that 3GPP specifications impose restrictions on these parameters and limit NR operation on unlicensed where the restrictions are not justified neither by regulations nor implementation. 3GPP should provide enough flexibility in design and avoid unnecessarily compromising NR operation by design.
[bookmark: _Toc54411789]Any restriction on UE-initiated COT design should be strongly justified to avoid compromising NR operation in unlicensed bands

2.1.2	UE-initiated COT FFP parameters and signalling
It was agreed that offset of FFP for UE-initiated COT can be different from the offset for gNB-initiated COT. From our point of view, there is no justification that by design we impose restrictions on these parameters and limit the NR operation. As explained above, the NW needs flexibility for proper allocation of FFP parameters among different users and specification should provide flexibility.

[bookmark: _Toc54411792]For semi-static channel access mode, FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. 

It was also discussed whether UE FFP parameters for UE-initiated COT can be provided before dedicated RRC. Currently, only gNB-initiated COT is supported before dedicated RRC. As shown in Figure 1, currently when operating in FBE mode, the PRACH transmission would be always conditioned on detection of DL transmissions in the current gNB-FPP. If the UE does not detect DL, the UE has to wait until the next period of gNB-FFP to attempt for PRACH transmission. That severely impacts the UL. 

[image: ]
[bookmark: _Ref54370258]Figure 1: PRACH when only gNB-initiated COT is supported.

Based on the observation we made earlier, we do believe that UE-initiated COT usage should not be limited only to transmission after dedicated RRC. Enabling UE-initiated COT before dedicated RRC clearly improves the uplink. By supporting UE-initiated COT before dedicated RRC, the NW can signal in SIB-1 that UE-initiated COT is enabled on top of gNB initiated COT. In this case, when UE initiates a PRACH transmission when DL transmission is not detected as in the example in Figure 1, the UE assumes the configuration of the PRACH with respect to periodicity and offset as the UE-FFP parameters. 
[bookmark: _Toc54411793]For semi-static channel access mode, UE-initiated COT is supported before dedicated RRC and is enabled by SIB-1. 
· [bookmark: _Toc54411794]UE FFP periodicity and offset are implicitly determined based on PRACH configuration corresponding to a PRACH transmission outside the gNB-initiated COT.

2.1.3	Gaps duration in UE-to-gNB COT sharing
In the previous meeting, it was discussed in case of UE-to-gNB COT sharing whether gaps larger than 16 us between DL transmission and the UL transmission that initiated a COT are allowed.
First of all, it is important to note that UE-to-gNB COT sharing is a mirror of gNB-to-UE COT sharing specified in Rel-16 based on channel access procedures regulated in European Harmonized standards. From a regulatory perspective, a device can be both initiating and responding and both UE and gNB from regulation perspective are considered as devices. Hence, the gNB-to-UE COT sharing specified in Rel-16, can be applied directly to UE-to-gNB COT sharing by exchanging UE and gNB roles. That means that from the regulatory point of view, there is no justification to apply more restrictions for UE-to-gNB COT sharing by limiting the gaps between UL and DL to a maximum of 16 us.
Secondly, treating UE-to-gNB and gNB-to-UE COT sharing differently would increase specification efforts since the symmetry does not hold any more. Additional efforts would be needed to capture the restrictions and its corresponding consequences on gNB and UE behaviour.
Lastly, such a restriction not only lacks technical motivation, but it also jeopardizes URLLC operation. The reason is that only a DL transmission that occurs immediately after a UL that initiated the COT, can benefit from COT sharing with UE. Any DL transmission not occurring immediately after UL, should de delayed until the next FFP based on the proposed restriction while it would be legitimate to occur during the current FFP before the idle period. An example is shown in Figure 2 to illustrate this issue, using DL SPS as an example for simplicity.  
[image: ]
[bookmark: _Ref54380709]Figure 2: UE-to-gNB COT sharing allowed for UL/DL gaps of at most 16us
Therefore, we propose the following:
[bookmark: _Toc54411795]In semi-static channel access mode, UE to gNB COT sharing is supported when the gap between DL transmission and the UL transmission is more or less than 16 us. 
· [bookmark: _Toc54411796]Note: If the gap is at most 16 us, no sensing before the DL transmission is required. Otherwise, a 9 us sensing immediately before the DL transmission is required.

2.1.4	Determination of valid idle periods
Based on the agreement in the last meeting, when a UE is provided with both gNB FFP and UE FFP, depending on if a transmission is initiating or sharing a COT, the applicable idle period is determined as illustrated in Figure 3. It is important that both UE and gNB have the same understanding on the applicable/valid idle periods and whether only DL or only UL or both DL/UL are not allowed within a valid idle period.
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[bookmark: _Ref54387264]Figure 3 Illustration of DL/UL transmissions and corresponding valid idle periods without ambiguity

However, there are cases that a UL or DL transmission satisfies conditions as both initiating or sharing a COT. An example is shown in Figure 4.
In that case based on the agreement from last meeting, there could be two applicable/valid idle periods with no UL/DL transmissions within. However, only one idle period would be sufficient to be considered valid. 
[image: ]
[bookmark: _Ref54388902]Figure 4: Illustration of DL/UL transmissions and corresponding valid idle periods with ambiguity

Hence, it is necessary for UE to determine the valid idle period associated to a UL or DL transmission. Otherwise, operation would be too restrictive and subject to misalignment between UE and gNB.
In order to avoid ambiguity, since gNB controls all the transmissions, for dynamically scheduled transmissions the gNB can communicate this information to the UE via DCI. The gNB can indicate in the scheduling DCI whether the scheduled transmission is associated to the gNB initiated COT or UE initiated COT and hence, that the valid idle period is the follow-up idle period in the current gNB-FFP or UE-FFP, respectively. Assuming the default assumption of gNB initiated COT, one-bit flag can indicate whether UE initiated COT is applicable.
For configured transmission, the association to a valid idle period can be determined based on a set of rules.
For example, if a configured UL or DL transmission starts at the beginning of an FFP and ends before the corresponding idle period for that FFP, that idle period is the valid idle period.

Therefore, we propose the following:

[bookmark: _Toc54411797]In semi-static channel access mode, when a UE is provided with both gNB FFP and UE FFP, the valid idle period associated to a DL or UL transmission is determined as follows:
· [bookmark: _Toc54411798]For scheduled transmissions, the associated valid idle period is indicated in the scheduling DCI;
· [bookmark: _Toc54411799]For configured transmissions, apply a rule to determine the associated valid idle period.
2.2	Harmonization of UL CG for operation on unlicensed band
2.2.1	Dynamic channel access in controlled environments
In the previous meeting, cg-RetransmissionTimer was agreed to be an optional RRC parameter for unlicensed band operation using semi-static channel access mode (a.k.a. FBE).
From our perspective, this parameter should be considered also optional for dynamic channel access mode (a.k.a. LBE).  It is important to note that FBE based channel access is conceptually simpler. However, that does not imply that LBE channel access is not applicable for URLLC/IIoT operations in controlled environments. The arguments to consider cg-RetransmissionTimer optional for FBE is equally valid to keep this feature optional for LBE. Hence, we propose the following:
[bookmark: _Toc54411800]Configuration of cg-RetransmissionTimer is optional when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.
2.2.2	Harmonization of UL CG for operation on unlicensed band
Harmonization of UL CG was extensively discussed during the previous meetings. Three following options were discussed with majority of views in favor of either Option 2 or Option 3:
· 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
Since views were not converged, the following guideline for follow-up work was concluded:
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

Table 1 is shown below where we have color coded the features, where each color includes a set of features that are inter-related in our view. Based on our investigations on functionality of the features and corresponding RRC parameters, we observe the following:
In Rel-16 NR-U, UE selects HARQ process ID and RV and reports these parameters to the gNB via CG-UCI. In addition, autonomous retransmission is always enabled for NR-U UL CG since the RRC parameter cg-RetransmissionTimer is always configured for operation in unlicensed band. If the cg-RetransmissionTimer is not configured, UE falls back to Rel-16 URLLC UL CG behaviors, which means: the UE is not expected to send CG-UCI, monitor CG-DFI, or perform autonomous retransmission. Instead, it follows Rel-16 URLLC behavior for assigning a CG transmission to a HARQ process ID. 
[bookmark: _Toc54411790]Many different NR-U CG features are coupled with same higher layer parameter (e.g. cg-RetransmissionTimer).
[bookmark: _Toc54411791]Without decoupling features from the same higher layer parameter, combining URLLC and NR-U features is not feasible. One possibility is to use same RRC parameter for features under a single attribute, but different RRC parameters for features in different attribute.

From our point of view, whether to use NR-U CG features or URLLC CG features, can be achieved by configuration of cg-RetransmissionTimer. However, in order to use the URLLC CG features in unlicensed, even when cg-RetransmissionTimer is not configured, we observe that URLLC HARQ process ID cannot used since it is limited only to licensed. This restriction should be removed.
Finally, we believe that the PUSCH repetition resource allocation schemes developed in NR-U are useful for URLLC operation in unlicensed, especially in case of channel access based on FBE where segmentation can be avoided in idle period. 
Therefore, we propose the following:

[bookmark: _Toc54411801]Ensure NR-U UL CG features (CG-UCI, CG-DFI, cg-RetransmissionTimer) are enabled with configuration of an RRC parameter (e.g. cg-RetransmissionTimer) 
[bookmark: _Toc54411802]Ensure UL CG operation based on Rel-16 URLLC features is fully supported in unlicensed as in licensed. 
· [bookmark: _Toc54411803]Enable configuration of harq-ProcID-Offset2 for unlicensed
[bookmark: _Toc54411804]Enable configuration of cg-nrofSlots-r16, cg-nrofPUSCH-InSlot-r16 for UL CG without CG-UCI.
· [bookmark: _Toc54411805]Simplified repetition Type B (without segmentation)

[bookmark: _Ref54403224]Table 1: Configured grant (CG) features supported in Rel.16 NR-U and Rel.16 URLLC
	Collection of features under a single attribute if applicable
	CG features
	Rel.16 URLLC
	Rel.16 NR-U

	HARQ process ID
	HARQ process ID determination
	Associated with the configured/indicated first TO, calculated based on the equation defined in TS 38.321
Configurable only in licensed 
	UE selects the HARQ ID from the pool and indicate in CG-UCI
Configurable only in unlicensed

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

	RV determination
	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}
	UE chooses the RV sequence and indicate in CG-UCI

	Flexible transmission
	Flexible transmission
	Either at first TO or any TO assigned with RV 0 if parameter startingFromRV0-r16 sets on or off
	At any TO

	Repetition scheme(s)
	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)

	Autonomous re-transmission
CG-DFI
	CG Re-transmission timer
	No support
	Always configured

	
	Re-transmission on CG
	No support
	Support automatic re-transmission on the same or different CG configuration after cg-RetransmissionTimer expires
CG-UCI included in PUSCH

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


Conclusion
In the previous sections we made the following observations: 
Observation 1	Any restriction on UE-initiated COT design should be strongly justified to avoid compromising NR operation in unlicensed bands
Observation 2	Many different NR-U CG features are coupled with same higher layer parameter (e.g. cg-RetransmissionTimer).
Observation 3	Without decoupling features from the same higher layer parameter, combining URLLC and NR-U features is not feasible. One possibility is to use same RRC parameter for features under a single attribute, but different RRC parameters for features in different attribute.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For semi-static channel access mode, FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT.
Proposal 2	For semi-static channel access mode, UE-initiated COT is supported before dedicated RRC and is enabled by SIB-1.
	UE FFP periodicity and offset are implicitly determined based on PRACH configuration corresponding to a PRACH transmission outside the gNB-initiated COT.
Proposal 3	In semi-static channel access mode, UE to gNB COT sharing is supported when the gap between DL transmission and the UL transmission is more or less than 16 us.
	Note: If the gap is at most 16 us, no sensing before the DL transmission is required. Otherwise, a 9 us sensing immediately before the DL transmission is required.
Proposal 4	In semi-static channel access mode, when a UE is provided with both gNB FFP and UE FFP, the valid idle period associated to a DL or UL transmission is determined as follows:
	For scheduled transmissions, the associated valid idle period is indicated in the scheduling DCI;
	For configured transmissions, apply a rule to determine the associated valid idle period.
Proposal 5	Configuration of cg-RetransmissionTimer is optional when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.
Proposal 6	Ensure NR-U UL CG features (CG-UCI, CG-DFI, cg-RetransmissionTimer) are enabled with configuration of an RRC parameter (e.g. cg-RetransmissionTimer)
Proposal 7	Ensure UL CG operation based on Rel-16 URLLC features is fully supported in unlicensed as in licensed.
	Enable configuration of harq-ProcID-Offset2 for unlicensed
Proposal 8	Enable configuration of cg-nrofSlots-r16, cg-nrofPUSCH-InSlot-r16 for UL CG without CG-UCI.
	Simplified repetition Type B (without segmentation)
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