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1	Introduction
[bookmark: _Hlk47488960]In the previous meetings, in RAN1 on the following objective of Rel-17 IIOT/URLLC WID [1] has been discussed and a set of agreements and conclusions were obtained as the Appendix.
2. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
In this contribution we 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: _Toc61924093]Any restriction on UE-initiated COT design should be strongly justified to avoid compromising NR operation in unlicensed bands

2.1.2	On UE-initiated COT FFP parameters
It was agreed that offset of FFP for UE-initiated COT can be different from the offset for gNB-initiated COT. With respect to periodicity of FFP for UE-initiated COT, it was agreed that it could be configured separately. However, there was no consensus whether it can be independently configured from period of gNB initiated COT. Concerns were raised that the lack of dependency between gNB and UE initiated COT would increase UE complexity or coexistence issue.

On UE complexity issue:
Regarding the UE complexity issue, it was claimed that there is a pattern of time intervals wherein the UE has to determine whether a UL transmission is allowed or not, as well as determining whether a DL transmission can be expected. Lack of restriction on these patterns increases UE complexity. However, this claim would be valid in case of operation based on gNB-initiated COT only. In this case, when the UE receives the gNB FFP configuration it has to monitor the gNB FFP pattern to determine whether any UE transmission is allowed. 
In case of UE-initiated COT, for any UL transmission aligned with the UE FFP boundary, the UE can just perform CCA and transmit if it succeeds. There is no need for UE to even examine the gNB pattern. In other words, the configuration of UE FFP, reduces the dependency on DL for UL transmission. The more the UE FFP configuration is matched with UL traffic, the less dependency on DL for UL transmission which results in improvement of UL capacity. 
Moreover, it is important to note that the prime reason of supporting UE-initiated COT is the operation-based CG which is crucial for URLLC services. Considering that in Rel-16 the periodicity for CG is increased to enhance operation for URLLC services, the motivation would still be valid whether the URLLC operation is on licensed or unlicensed spectrum because the requirements are service dependent, not spectrum dependent.
[bookmark: _Toc61924094]The configuration of UE FFP reduces the dependency on DL for UL transmission. The more the UE FFP configuration is matched with UL traffic, the less dependency on DL for UL transmissions is achieved which results in improvement of UL capacity. 
On coexistence issue:
Regarding the coexistence issue, it was claimed that no restriction on UE FFP periodicity results in coexistence issues where UEs would transmit in gNB idle periods and vise-versa.  Consequently, nodes in other systems would not be succeed accessing the channel due to no free idle period. Hence, it was suggested to postpone the discussion until the COT-interaction behavior is clarified. 
In this argument one important aspect is missing: when a network operates as FBE at the present of other networks, as long as there is no coordination between networks, irrespective of intra-network coordination or not (e.g. applying restrictions on UE-initiated COT), the FBE based operation would  fail, especially at medium and high loads since coexisting networks are not aware FFP configurations of each other. Therefore, there should be coordination between coexisting networks. Once, the networks are coordinated, as part of coordination, the respective gNB and UE FFPs should be configured such that blocking is not occurred. Therefore, forcing restrictions on UE FFP does not lead to a good coexistence, rather inter-network coordination on UE/gNB FFPs ensures good coexistence. In that regard, the less restriction is a key to apply a proper inter-network coordination.
[bookmark: _Toc61924095]Forcing restrictions on UE FFP does not lead to a good coexistence, rather inter-network coordination on UE/gNB FFPs configurations among coexisting networks ensures good coexistence.

Based on the above discussion, we are not convinced that by design we impose restrictions on these parameters and limit the NR operation on unlicensed band. As explained above, the NW needs flexibility for proper allocation of FFP parameters among different users within the network and for better coordination with other networks. Therefore, NR specifications should provide desired flexibility for proper operation.  In our view, the range values of periodicity and offset of configured grants can be re-used for corresponding values in UE-FFP configurations with periodicity values limited between 1 and 10 ms, as previously agreed. 

[bookmark: _Toc61924101]For semi-static channel access mode, FFP Periodicity for UE-initiated COT are independently configured from the FFP periodicity for gNB-initiated COT. 
[bookmark: _Toc61924102][bookmark: _Toc61924103][bookmark: _Toc61924104][bookmark: _Toc61924105][bookmark: _Toc61924106][bookmark: _Toc61924107][bookmark: _Toc61924108][bookmark: _Toc61924109][bookmark: _Toc61924110][bookmark: _Toc61924111][bookmark: _Toc61924112][bookmark: _Toc61924113][bookmark: _Toc61924114][bookmark: _Toc61924115][bookmark: _Toc61924116][bookmark: _Toc61924117][bookmark: _Toc61924118][bookmark: _Toc61924119][bookmark: _Toc61924120][bookmark: _Toc61924121][bookmark: _Toc61924122][bookmark: _Toc61924123][bookmark: _Toc61924124]For semi-static channel access mode, the range values for periodicity and offset corresponding to configured grants can be reused as range values for periodicity and offset of UE-FFP. Note that only period values of at least 1ms and at most 10ms are applicable.
2.1.3	On transmission/reception during idle periods
In the previous meeting, it was discussed whether any of the following conditions are needed to be supported for operation based on semi-static channel access procedures:
a) A UE can initiate a COT within a gNB-initiated COT, and gNB can initiate a COT within a UE-initiated COT
b) As initiating device, the gNB can transmit during any UE FFP idle periods.
c) As initiating device, a UE can transmit during other UEs FFP idle periods.
d) A responding device can still transmit in the shared COT even if its transmission collides with the idle period of FFP configured for the responding device 
e) A UE may operate as an initiating device within a gNB FFP only in case that gNB has not initiated that FFP.
f) By default, a UE is not allowed to transmit during the idle period of any FFP associated with the serving gNB (regardless whether the serving gNB initiates a COT in that FFP).

We explain our view in the following by noticing the following agreement:
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

From our perspective, no additional restrictions are motivated as we discussed previously and summarized in Observations 1 and 3. Hence, with respect to the conditions listed above, based on the existing agreement, conditions a) to d) are already supported while we do not see the need to impose further restrictions by supporting conditions e) or f).
Therefore, we make the following proposal:
[bookmark: _Toc61924125]For semi-static channel access mode, no additional restriction on transmission and reception during idle periods is supported.

2.1.4	On determination of COT-initiators
Based on the agreement in RAN1#102-e meeting (see Appendix), 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 1. 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.


[image: ]
[bookmark: _Ref54387264]Figure 1 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 2.
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 2: 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.
2.1.4.1	UL transmissions
This topic was extensively discussed during the last meeting and different alternatives for UL transmission, was listed in the agreements below (see Appendix):
Agreements:
In semi-static channel access mode, a UE should be able to determine whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT. 
· UE determines the initiator of a COT based on at least one of the following alternatives:
· Alt 1: Introduce additional bit field in the scheduling DCI
· Alt 2: Based on ChannelAccess-CPext field in DCI
· Alt. 3: Based on a predetermined rule(s)
· Alt. 4: Based on RRC signalling
· Alt. 5: Based on MAC CE
· FFS other alternatives
· FFS on overriding possibility and/or the assumption
· Note: A scheduled UL transmission cannot be transmitted according to both shared gNB COT and UE-initiated COT.

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

For configured transmission, the association to a valid idle period can be determined based on a set of rules. These rules were partly agreed for UL transmissions during the last meeting. For the remaining cases where the configured transmission is aligned with UE-FFP boundary, we prefer Alt-b over Alt-a for its simplicity and in order to avoid unnecessary complexity and maintain UE-FFP and gNB-FFP independent. With respect to Alt-c, our view is that alternative, is an alternative to provide additional flexibility that simplifies resource allocation for the network. This is further discussed in section 2.1.5. 
Therefore, we propose the following:


[bookmark: _Toc61924126][bookmark: _Toc61924127]In semi-static channel access mode, when a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE, the UE assumes that the configured UL transmission corresponds to UE-initiated COT (Alt-b).

[bookmark: _Toc61924128]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. This can be achieved by means of ChannelAccess-CPext in DCI. If ChannelAccess-CPext is not provided in DCI, the pre-determined rules are applicable. In this case, the same rules as for configured transmissions can be re-used.
[bookmark: _Toc61924129]Therefore, we propose the following:


[bookmark: _Toc61924130]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 scheduled UL transmission is determined as follows (Alt2 with fallback to Alt 3):
· [bookmark: _Toc61924131]For scheduled UL transmission, the associated valid idle period is indicated in the scheduling DCI using ChannelAccess-CPext field in DCI (i.e. Alt 2 in previous agreement), when provided.
· [bookmark: _Toc61924132]If ChannelAccess-CPext field in absent in DCI, pre-determined rules similar to configured UL transmissions are applicable (i.e. Alt 3 in previous agreement).

2.1.4.2	DL transmissions
With respect to DL, it was discussed in the previous meeting whether UL to DL COT sharing would impose restrictions on DL transmissions based on the Rel-16 behaviour.
It is important to note that the corresponding restrictions with respect to UL to DL COT sharing in Rel-16 are only applicable to the dynamic channel access mode where it is designed for different circumstances than from those relevant to semi-static channel access mode. The dynamic channel access procedures are designed based on the assumption that other technologies, e.g. Wi-Fi, are always present. Since the transmission content impacts the channel access mechanism in dynamic channel access mode, restrictions were imposed on UL to DL COT sharing to ensure fair coexistence. None of those aspects are applicable for semi-static channel access mode since as previously mentioned, the semi-static channel access mode is intended for scenarios with coordinated networks where networks applying other technologies are absent.
Therefore, we propose in the following to apply similar procedures as UL for DL:

[bookmark: _Toc61924133]When a configured DL transmission is aligned with a gNB FFP boundary and ends before the idle period of that FFP associated to the gNB, the UE assumes that the configured DL transmission corresponds to the gNB-initiated COT.
[bookmark: _Toc61924134]When a configured DL transmission starts after a gNB FFP boundary and ends before the idle period of the FFP associated to the gNB,
· [bookmark: _Toc61924135] If the UE determines that the gNB has already initiated the FFP, then UE assumes that the configured DL transmission corresponds to gNB-initiated COT.
· [bookmark: _Toc61924136]Otherwise, If the transmission is confined within the UE FFP before the idle period of that FFP, and if the UE has already initiated that FFP, then UE assumes that the configured DL transmission corresponds to UE-initiated COT.

[bookmark: _Toc61924137]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 scheduled DL transmission is determined as follows:
· [bookmark: _Toc61924138]For scheduled UL transmission, the associated valid idle period is indicated in the scheduling DCI using ChannelAccess-CPext field in DCI, when provided.
· [bookmark: _Toc61924139]If ChannelAccess-CPext field in absent in DCI, pre-determined rules similar to configured DL transmissions are applicable.

2.1.5	On cancellation/overriding of COT-initiators
The configuration, applicability and management of gNB and UE initiated COTs are up to the gNB. In other words, it is up to the gNB to provide a UE with FFP for gNB initiated COT and/or FFP for UE initiated COT and enable the corresponding functionalities as well as the configuration of provides FFPs for different UEs. For proper operations, the network should have the flexibility in management of FFP configurations. 
FFP configuration provides a periodic pattern such that at periodic intervals, a node (gNB or a UE), is permitted to initiate a transmission. It should be apparent that the network can occasionally needs to change the plan to accommodate different nodes to transmit or receive in some of the intervals. Therefore, the design should provide enough flexibility to accommodate such needs.
The first level of flexibility can be provided by RRC configurations. When a gNB/UE FFP configuration is provided to the UE, the gNB can configure the UE to consider some of the periods that are exempt for the gNB/UE to initiate a corresponding COT. That can be provided for example by configuration of a bitmap in RRC configuration of corresponding gNB/UE-FFP.
The next level of flexibility can be provided by dynamic signaling, either in form of UE specific signaling as discussed in the previous section, or group common signaling such as DCI format 2_0.
Supporting such functionalities provides enough flexibility for the network to properly operate without increasing the UE complexity.
Thus, we propose the following features to be considered in the design:
[bookmark: _Toc61924140]A UE can be semi-statically signaled to cancel/override the assumption on the initiator of a COT with respect to one or more FFP boundaries of the corresponding FFP configuration.

[bookmark: _Toc61924141]A UE can be dynamically signaled to cancel/override the assumption on the initiator of a COT with respect to one or more FFP boundaries of the corresponding FFP configuration.
· [bookmark: _Toc61924142]Note: UE specific signaling such as scheduling DCI or group common signaling using DCI format 2_0 can be used for COT-initiation cancelation/overriding purposes.

2.1.6	On UE-initiated COT in IDLE/INACTIVE mode
In the previous meetings, it was 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 , this constrain implies that when operating in FBE mode, the PRACH transmission will always be 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: ]
Figure 3: PRACH when only gNB-initiated COT is supported.

Based on the observation we made earlier in section 2.1.1, 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 , the UE assumes the configuration of the PRACH with respect to periodicity and offset as the UE-FFP parameters. 
[bookmark: _Toc61924143]For semi-static channel access mode, UE-initiated COT is supported before dedicated RRC and is enabled by SIB-1. 
· [bookmark: _Toc61924144]UE FFP periodicity and offset are implicitly determined based on PRACH configuration corresponding to a PRACH transmission outside the gNB-initiated COT.

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: _Toc61924145]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. The outcome of discussions could lead only to the following conclusion and agreement including a list of options to be selected from in the upcoming meeting: 
Conclusion (RAN1#102-e):
· Further study and decide how to harmonize the CG features for Rel-16 URLLC and Rel-16 NR-U. Table 1 in R1-2005376 can be used as a starting point for the corresponding discussion and decision

Agreements (RAN1#103-e):
Down-select one of the following options (target RAN1#104-e):
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
· Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.
· Option 3: CG-UCI based procedures are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16
· Note: Procedures based on CG-UCI rely on UE including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
· Note: Procedures based on CG-DFI rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions. 

On the other hand, in the previous RAN2 meeting (RAN2#112-e), the following was agreed. 
Agreements:
From RAN2 perspective
1 	It is assumed that LBT failures only happen infrequently in UCE (unlicensed controlled environment).  A formal definition of UCE and its relationship to semi-static or dynamic access mode is not necessary in RAN2 specifications.
2	cg-RetransmissionTimer can be configured optionally for shared spectrum
3	When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
4	When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.
5	As a baseline, HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U.
6	HARQ processes sharing between multiple CGs are not allowed when cg-RetransmissionTimer is not configured.
7	FFS if LCH based prioritization can be configured with cg-RetransmissionTimer
8	The assumption for Rel-16 is that the network will not configure autonomousTx and cg-RetransmissionTimer simultaneously per cell.  No optimizations will be pursued to allow the two features be configured together in Rel-16.  No CR is needed for this for now.
9	If a configured grant is deprioritized and/or gNB didn’t get it (e.g. LBT failure and/or tx failure) then we should be able to autonomously re-transmit it.  FFS how to achieve it (using existing mechanisms should be considered as baseline)

In our view, Option 1 is in alignment with RAN2 agreement and we don’t see strong motivations for RAN1 to support an option differently from RAN2 and create unnecessarily misalignments between two working groups and corresponding specifications. 
Moreover, 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. 
Thus, we make the following observations and propose to support Option 1:

[bookmark: _Toc61924096][bookmark: _Toc61924097]Option 1 is aligned with RAN2 agreement.
[bookmark: _Toc61924098][bookmark: _Toc61924099][bookmark: _Toc61924100]Many different NR-U CG features are coupled with same higher layer parameter (e.g. cg-RetransmissionTimer).

[bookmark: _Toc61924146]Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16 (i.e. Option 1).

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: _Toc61924147][bookmark: _Toc61924148][bookmark: _Toc61924149][bookmark: _Toc61924150]Enable configuration of cg-nrofSlots-r16, cg-nrofPUSCH-InSlot-r16 for UL CG without CG-UCI.
· [bookmark: _Toc61924151]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.


[bookmark: _GoBack]3	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	The configuration of UE FFP reduces the dependency on DL for UL transmission. The more the UE FFP configuration is matched with UL traffic, the less dependency on DL for UL transmissions is achieved which results in improvement of UL capacity.
Observation 3	Forcing restrictions on UE FFP does not lead to a good coexistence, rather inter-network coordination on UE/gNB FFPs configurations among coexisting networks ensures good coexistence.
Observation 4	Option 1 is aligned with RAN2 agreement.
	Many different NR-U CG features are coupled with same higher layer parameter (e.g. cg-RetransmissionTimer).
Observation 5

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 are independently configured from the FFP periodicity for gNB-initiated COT.
	For semi-static channel access mode, the range values for periodicity and offset corresponding to configured grants can be reused as range values for periodicity and offset of UE-FFP. Note that only period values of at least 1ms and at most 10ms are applicable.
Proposal 2
Proposal 3	For semi-static channel access mode, no additional restriction on transmission and reception during idle periods is supported.
	In semi-static channel access mode, when a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE, the UE assumes that the configured UL transmission corresponds to UE-initiated COT (Alt-b).
Proposal 4
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. This can be achieved by means of ChannelAccess-CPext in DCI. If ChannelAccess-CPext is not provided in DCI, the pre-determined rules are applicable. In this case, the same rules as for configured transmissions can be re-used.
Therefore, we propose the following:
Proposal 5	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 scheduled UL transmission is determined as follows (Alt2 with fallback to Alt 3):
	For scheduled UL transmission, the associated valid idle period is indicated in the scheduling DCI using ChannelAccess-CPext field in DCI (i.e. Alt 2 in previous agreement), when provided.
o	If ChannelAccess-CPext field in absent in DCI, pre-determined rules similar to configured UL transmissions are applicable (i.e. Alt 3 in previous agreement).
Proposal 6	When a configured DL transmission is aligned with a gNB FFP boundary and ends before the idle period of that FFP associated to the gNB, the UE assumes that the configured DL transmission corresponds to the gNB-initiated COT.
Proposal 7	When a configured DL transmission starts after a gNB FFP boundary and ends before the idle period of the FFP associated to the gNB,
	If the UE determines that the gNB has already initiated the FFP, then UE assumes that the configured DL transmission corresponds to gNB-initiated COT.
	Otherwise, If the transmission is confined within the UE FFP before the idle period of that FFP, and if the UE has already initiated that FFP, then UE assumes that the configured DL transmission corresponds to UE-initiated COT.
Proposal 8	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 scheduled DL transmission is determined as follows:
	For scheduled UL transmission, the associated valid idle period is indicated in the scheduling DCI using ChannelAccess-CPext field in DCI, when provided.
o	If ChannelAccess-CPext field in absent in DCI, pre-determined rules similar to configured DL transmissions are applicable.
Proposal 9	A UE can semi-statically be signaled to cancel/override the assumption on the initiator of a COT to one or more FFP boundaries of the corresponding FFP configuration.
Proposal 10	A UE can dynamically be signaled to cancel/override the assumption on the initiator of a COT applicable to one or more FFP boundary of the corresponding FFP configuration.
	UE specific signaling such as scheduling DCI or group common signaling using DCI format 2_0 can be used for cancelation/overriding.
Proposal 11	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 12	Configuration of cg-RetransmissionTimer is optional when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.
Proposal 13	Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16 (i.e. Option 1).
Proposal 14	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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4.1	List of agreements
4.1.1	Agreements in RAN1#102-e
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.

Update on 8/26
Agreements:
· At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.

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

Agreements:
· Conditions on the channel access procedures with respect to sensing duration and transmission gap for UE-initiated COT with UE-to-gNB COT sharing is similar as those for gNB initiated COT and gNB-to-UE COT sharing in Rel-16 by exchanging UE and gNB roles.
Agreements:
· UE-to- gNB COT sharing in semi-static channel access mode is supported.
· The gNB determines a COT in an FFP associated to a UE, that is initiated by the UE, if the gNB detects a UL transmission from the UE starting from the beginning of the FFP and ending before the idle period of the FFP.
· FFS details
· When the gNB determines a UE has initiated a COT in an FFP associated to the UE, the gNB can transmit within the FFP and before the idle period corresponding to the FFP.
· FFS whether/how UE to gNB COT sharing when the gap is >16us

Update from 8/28 GTW
Agreements:
For semi-static channel access mode, 
o    Start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. 
o    FFS: FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. 

Agreements:
· For semi-static channel access mode,
· FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling. 
· FFS on to be provided by SIB-1
· FFS whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters

4.1.2	Agreements in RAN1#103-e
Agreements:
· In semi-static channel access mode, a single FFP (periodicity and offset) is associated to an initiating device (gNB or UE) at a given time which can be used for the purpose of channel occupancy. The FFP configuration that is used for initiating channel occupancy purposes, is such that it shall not be changed for at least 200ms

Conclusion:
· For operation on unlicensed channels and irrespective of the adopted LBT mechanism (LBE or FBE), all transmissions in DL and UL are controlled by gNB similarly to licensed channels, and potential collisions or blocking are controlled/mitigated by gNB.

Agreements:
· UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us is supported

Conclusion:
If a device X at a given time is initiating a COT, the applicable FFP for the device X is the FFP associated with X. 
If a device X at a given time is sharing a COT initiated by a device Y, the applicable FFP for the device X is the FFP associated with Y.
Note 1: One of the devices X and Y is a UE and the other is its serving gNB.
Note 2: Whether or not there is additional restriction on idle period is still FFS. 

Agreements:
Down-select one of the following options (target RAN1#104-e):
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
· Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.
· Option 3: CG-UCI based procedures are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16
· Note: Procedures based on CG-UCI rely on UE including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
· Note: Procedures based on CG-DFI rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions. 

Agreements:
· The gNB configures a UE to initiate semi-static CO in an unlicensed channel(s) only if the gNB configures the UE also with the higher layer parameters of the gNB’s initiating semi-static CO in the same channel(s).
· Note: UE initiated FBE configuration is configured per serving cell

Agreements:
In semi-static channel access mode, FFP Period for UE-initiated COT is separately provided from FFP period for gNB-initiated COT.
o    Note: Any value for the period, shall be at least 1ms and at most 10ms.
o    Note: Aim for low complexity operation to handle gNB and UE COT interactions
Agreements:
In semi-static channel access mode, a UE should be able to determine whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT. 
· UE determines the initiator of a COT based on at least one of the following alternatives:
· Alt 1: Introduce additional bit field in the scheduling DCI
· Alt 2: Based on ChannelAccess-CPext field in DCI
· Alt. 3: Based on a predetermined rule(s)
· Alt. 4: Based on RRC signalling
· Alt. 5: Based on MAC CE
· FFS other alternatives
· FFS on overriding possibility and/or the assumption
· Note: A scheduled UL transmission cannot be transmitted according to both shared gNB COT and UE-initiated COT.

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