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In RAN1#110bis-e meeting, for Rel-18 NR sidelink transmission on unlicensed spectrum (SL-U), the relevant channel access mechanisms have been extensively discussed including some fundamental issues, e.g., channel access types, resource selection, and CWS adjustment. The reached agreements are listed below. 
Agreement
· Type 1 SL channel access procedure is applicable to the following transmissions by a UE:
· PSSCH/PSCCH transmission(s) scheduled or configured by a gNB in SL Mode 1 resource allocation.
· PSSCH/PSCCH transmission(s) from the UE in SL Mode 2 resource allocation.
· Other SL transmissions including S-SSB and PSFCH transmissions from a UE
· FFS: how to set CAPC for S-SSB and PSFCH
· Note: Type 1 can be used to initiate a COT
· A UE uses a channel access priority class applicable to the sidelink user plane data multiplexed in PSSCH for performing the Type 1 channel access procedures to transmit transmission(s) including PSSCH with user plane data and its associated PSCCH.
· Note: how to set CAPC for MAC CE multiplexed in PSSCH is up to RAN2
· A UE shall not transmit on a channel for a Channel Occupancy Time that exceeds the maximum COT duration where the channel access procedures are performed based on a channel access priority class p associated with the UE transmissions, as given in CAPC table for SL.

Agreement
On the support of MCSt operation in SL-U, following options are to be further studied and one or more of the following options will be selected in future meetings.
· When L1 is triggered for reporting a subset of candidate resources for MCSt,
· Option 1: Only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1
· Note, this is applicable for transmission of a single TB and multiple TBs
· FFS: whether this is the same or different than Rel-16
· Option 2: one or multiple sets of parameters (, remaining PDB,  and ) are provided for the resource selection procedure in L1
· FFS: any further information needs to be provided to L1 for MCSt
· When L1 reports a subset of candidate resources for MCSt,
· Option A: L1 reports candidate multi-slot resources in SA where a candidate multi-slot resource consists of a set of single-slot resources that are consecutive in time
· FFS whether the set of single-slot resources within a candidate multi-slot resource can have different  sizes
· Option B: L1 reports candidate single-slot resources in (SA) as in Rel-16
· It is up to the higher (MAC) layer to select a set of single-slot resources that are consecutive in logical slots
· Option C: L1 reports consecutive single-slot candidate resources in SA
· FFS whether the consecutive single-slot candidate resources can have different  sizes
· FFS: any further information needs to be reported to MAC layer, provided to L1 or utilized for MCSt
· FFS: whether/how to consider the additional LBT time in SL resource allocation

Agreement
For dynamic channel access mode with multi-channel case in SL-U, NR-U UL channel access procedure is considered as baseline for transmission on multiple channels
· FFS: whether transmission of PSFCH and/or S-SSB on a subset of RB sets is supported (using the NR-U DL channel access procedure as baseline)
· FFS any necessary enhancement and modification for the SL-U operation

Agreement
In Type 1 SL channel access procedure, the following table is adopted for channel access priority class (CAPC) for SL. 
· FFS: the applicability and usage of NOTE1 in the table
· FFS: whether mp=1 can be used with p=1, and applicable cases 
	Channel Access Priority Class (p)
	mp
	CWmin,p
	CWmax,p
	Tslmcot,p
	allowed CWp sizes

	1
	2
	3
	7
	2 ms
	{3,7}

	2
	2
	7
	15
	4 ms
	{7,15}

	3
	3
	15
	1023
	6ms [or 10 ms] 
	{15,31,63,127,255,511,1023}

	4
	7
	15
	1023
	6ms [or 10 ms]
	{15,31,63,127,255,511,1023}

	[NOTE1:   Forp=3,4, Tslmcot,p=10ms if the higher layer parameter absenceOfAnyOtherTechnology-r14 or absenceOfAnyOtherTechnology-r16 is provided, otherwise,Tslmcot,p=6ms.]
NOTE 2:   When Tslmcot,p=6ms it may be increased to 8ms by inserting one or more gaps. The minimum duration of a gap shall be 100μs. The maximum duration before including any such gap shall be 6ms. 



Agreement
· RAN1 is to study the definition of a “SL reference duration” following the NR-U principle and RAN1 is to agree on the definition before down-selection to an option for CW adjustment for SL HARQ-ACK feedback enabled/disabled and each cast type
· In Type 1 SL channel access procedure, further study the following cases and options. Other options are not precluded. 
· CW adjustment when SL-HARQ feedback is disabled (at least if all transmissions within the latest SL reference duration have SL-HARQ feedback disabled):
· Option 1: For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
· Option 2: CW is adjusted according to number blind retransmissions of the TBs within a COT.
· Option 3: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Option 4: If a  is consecutively used  times for generation of ,  is updated for each priority class  to the next higher allowed value.
· Option 5: If a collision indicator is received, increase  for every priority class  to the next higher allowed value.
· CW adjustment for groupcast option 2 with SL-HARQ feedback enabled (i.e., at least In case only groupcast option 2 PSSCH(s) is (are) transmitted within the latest SL reference duration): 
· Option 1: Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks in the latest SL reference duration,  is reset to  for every priority class , otherwise increase  for every priority class  to the next higher allowed value. 
· FFS: whether the ratio of the received SL HARQ-ACK feedbacks is ‘ACK’, ‘NACK’ or ‘ACK+NACK’
· FFS: how to calculate the ratio
· FFS: the (pre-)configuration ratio values
· Option 2: If at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class  ; otherwise is increased.
· FFS whether groupcast option 1 (NACK-only) with SL-HARQ feedback enabled can be supported for SL-U. If supported, further study the following options (at least if all transmissions within the latest SL reference duration are groupcast option 1 transmissions)
· Option 1: For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
· Option 2: 
· If ‘NACK’ or a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration, increase  for every priority class  to the next higher allowed value.
· When neither ‘NACK’ nor a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration,
· Option A:  is reset to  for every priority class .
· Option B: For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
· Option 3: An ACK-only procedure is used instead of a NACK-only procedure. In this case, if at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class  , otherwise is increased
· Option 4: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Option 5 (option 3+legacy): ACK feedback is performed when a TB is successfully decoded in addition to the legacy NACK-only procedure. In this case, if ACK only is received related to any transmissions within the latest SL reference duration then ,  otherwise  is increased.
· CW adjustment for unicast with SL-HARQ feedback enabled (at least In case only unicast PSSCH(s) is (are) transmitted within the latest SL reference duration):
· Option 2: If at least one ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class   ; otherwise is increased.
· FFS the case when UE is operating with different SL-HARQ feedback schemes (e.g., UE has concurrent broadcast transmission + unicast with SL-HARQ enabled, or GC option 1 + GC option 2, etc in the SL reference duration).

In this contribution, we further elaborate our views on channel access mechanism and procedure for sidelink transmission on FR1 unlicensed spectrum.

Discussion
Frame based equipment channel access mechanism 
Wireless signal transmission on unlicensed spectrum should meet the requirements of regulation subject to the management of the located country/region. According to the regulation on Frame based equipment (FBE) channel access mechanism, a device where the transmit/receive structure has a periodic timing with a declared periodicity equal to the Fixed Frame Period (FFP) between 1 and 10ms, and a single CCA slot, i.e., one-shot CCA with at least 9μs sensing interval. Transmissions can start only at the beginning of the FFP immediately following a successful one-shot CCA. If the FBE device finds the channel occupied, no transmission occurs on that channel during the following FFP. The channel occupancy time (COT) cannot be greater than 95% of the FFP and has to be followed by an Idle Period until the start of the next FFP such that the Idle Period is at least 5% of the COT, with a minimum of 100μs. An FBE structure with a fixed frame period is shown in Figure 1. Additionally, within each COT, the regulation allows multiple DL-to-UL transmission switching subject to a one-shot CCA. There is no requirement of gap between transmission bursts. UEs served by the gNB that wins the contention can transmit within the COT, where the winning gNB is the initiating device and the served UEs are responding devices in FBE. An FBE initiating device may change its FFP at most every 200ms.


Figure 1: Fixed Frame Period Structure for FBE 

In Rel-16 NR-U, FBE based channel access is specified and named as semi-static channel acess. Even in Rel-17 URLLC, FBE is supported for IIoT use cases where the operator (the factory) may have the capability to clear the environment to make sure there is no other RAT deployed in the same carrier. 
When unlicensed spectrum is used for sidelink transmission, FBE should be considered as one channel access mechanism for sidelink transmission so as to exploit the benefit of avoidance of inter-UE blocking.  
Based on above analysis, we have below proposals:
Proposal 1: FBE-based channel access is supported for sidelink transmissions in FR1 unlicensed spectrum.


Load based equipment channel access mechanism 

Compared with FBE, load-based equipment (LBE) channel access procedure is more complicated, such as generation of random backoff counter, contention window size update, channel access priority class and maximum channel occupancy. In Rel-16 NR-U, several types of channel access procedures are specified: Type-1, Type-2A/2B/2C. Different channel access types can be applied for different cases. The detailed description is listed in TS37.213 and not repeated here.
When unlicensed spectrum is used for sidelink transmission, it is straightforward to reuse both Type-1 and Type 2A/2B/2C channel access types for sidelink transmissions. For a UE intending to initiate a COT for sidelink transmission over unlicensed spectrum, a CAPC should be determined before performing Type-1 channel access procedure. Since there are two tables specified in TS37.213 as shown above, Table 4.2.1-1 defined for UL transmission can be reused for sidelink transmission to determine a CAPC.
[bookmark: _Hlk110979967][bookmark: _Hlk110980065]According to the objective of the Rel-18, gNB initiated channel occupancy cannot be shared with sidelink, however the WID does not specify whether uplink and sidelink transmission can share the same UE initiated channel occupancy duration. Similarly, it is rather easier to define separate uplink and sidelink type-1 channel access procedure within the Rel-18 time frame which means uplink and sidelink does not share the same UE initiated COT.   
Proposal 2: Support separate channel access procedure for uplink and sidelink in Rel-18 i.e., uplink and sidelink does not share the same UE initiated COT. 

Furthermore, since there are 4 channel access priority classes defined for channel access procedure while 8 L1 priorities included in SCI, a L1 priority to channel access priority class mapping needs to be defined. A simplest way is to map every two consecutive L1 priorities to one channel access priority class so as to establish a linkage between 8 L1 priorities to 4 UL CAPC values defined in Table 4.2.1-1 in TS37.213. One example is shown in below Table 1 by mapping 8 L1 priority levels to4 UL CAPC values. 
Table 1: Mapping from traffic priority level to sidelink CAPC value by reusing 4 UL CAPC values
	Traffic priority level
	
CAPC ()

	1
	1

	2
	1

	3
	2

	4
	2

	5
	3

	6
	3

	7
	4

	8
	4



Based on above analysis, we have below proposals:
Proposal 3: From RAN1’s perspective, mapping every two consecutive L1 priorities to one channel access priority class is feasible, mapping every two consecutive L1 priorities to one channel access priority class is feasible for sidelink transmissions in FR1 unlicensed spectrum.

Baseline LBT and deployment scenarios

In Rel-16 NR-U, LBT sub-band size defines the LBT bandwidth e.g., 20 MHz to be performed by the device in an unlicensed carrier and many LBT sub-bands could be configured inside an unlicensed carrier. The transmission and reception in sidelink are performed within a resource pool which is configured inside a bandwidth part. Hence the relationship between the LBT sub-band and resource pool which includes how the LBT sub-band is configured. The LBT sub-band could be configured as part of the resource pool configuration if the LBT sub-band and the resource pool size are same, however the LBT sub-band may span across more than one resource pool if the resource pool size is smaller than the LBT sub-band size. 
The slots that are part of a resource pool can be (pre-)configured with a bitmap and the length of the bitmap can be equal to 10, 11, …, 160 and usually there are more than one resource pool configured inside a bandwidth part. The channel occupancy duration may occupy more than one resource pool in time domain based on the sidelink slots configuration for a resource pool which is quite different from the Rel16 NR-U configuration.
Sidelink device accessing the channel on which sidelink transmission is to be performed should set the energy detection threshold less than or equal to the maximum energy detection threshold defined. Such energy detection threshold adaptation procedure for sidelink should reuse the procedure defined in uplink. 

Proposal 4: RAN1 support the LBT sub-band size i.e., LBT bandwidth configuration of 20 MHz, LBT energy detection threshold for a sidelink device operating in an unlicensed carrier 

NR Sidelink unlicensed operation may coexist with other Wi-Fi, LTE and NR unlicensed technologies and following deployment scenarios could be considered:
1. Unlicensed NR-U carrier scheduling data transmission on SL-unlicensed carrier 
2. Licensed NR carrier scheduling data transmission on SL-unlicensed carrier
3. LTE licensed carrier scheduling data transmission on SL-unlicensed carrier  
4. Standalone SL-unlicensed carrier i.e., out of coverage

Among the listed deployment scenarios, the new WID on sidelink unlicensed prioritizes the study on the Licensed carrier scheduling data transmission on SL-unlicensed carrier and standalone SL-unlicensed carrier i.e., out of coverage deployment.  LTE-eNB scheduling NR Sidelink was supported in NR Rel16 and this support should be extended for the unlicensed sidelink carrier.

Proposal 5: RAN1 could prioritize the study of mode 1 -- NR licensed carrier (gNB) scheduling data transmission on SL-unlicensed carrier and LTE licensed carrier (eNB) scheduling data transmission on SL-unlicensed carrier  

Burst-based sidelink transmissions

When unlicensed spectrum is used for sidelink transmission, the channel access procedure is required before any sidelink transmission. Different to SCI decoding-based sensing mechanism, LBT procedure is performed based on energy detection in each sensing slot. In detail, if the detected energy on one channel in one sensing slot is lower than the energy detection threshold, then the channel is deemed as empty or clear or available in that sensing slot; otherwise, the channel is deemed as occupied or non-available in that sensing slot. 
For unlicensed spectrum, by performing channel access Type 1, a UE can obtain a channel occupancy (CO) and occupy the channel till the maximum channel occupancy time (MCOT). According to Table 4.2.1-1 in TS37.213, the MCOT is related to channel access priority class (CAPC) value. Consequently, when a UE performs a successful channel access Type 1, the UE can occupy the channel with maximum 2ms, 4ms, 6ms or 10ms, depending on the corresponding CAPC value which is determined based on the traffic priority. The higher the CAPC value, the longer the MCOT on the unlicensed spectrum. As shown in Table 4.2.1-1 in TS37.213, for CAPC value of 3 or 4, the MCOT can be 10ms, which is equivalent to 10 slots in case of 15kHz subcarrier spacing, 20 slots in case of 30kHz subcarrier spacing, 40 slots in case of 60kHz subcarrier spacing.
To avoid any risk of losing the channel, similar to DL burst and UL burst in TS37.213, a sidelink burst can be defined as a set of transmissions from a UE without any gaps greater than 16us. Multiple consecutive slots can be included in the sidelink burst. Each PSCCH/PSSCH starts from symbol 0 of a slot to avoid complicated designs at both Tx UE side and Rx UE side. One example is shown in Figure 2, where a UE initiates a COT via LBT Cat.4 using CAPC 2, then it can contiguously transmit 4 PSCCH/PSSCHs in the four consecutive slots without sensing. So the sidelink burst can include the four slots from symbol 0 of slot n to symbol 9 of slot n+3.
[image: ]
Figure 2: Burst based transmission for sidelink

Proposal 6: For burst-based sidelink transmission, from a Tx UE’s point of view, no gap symbol is included in between any two consecutive slots.

As specified in Rel-16 NR-U and Rel-17 above 52.6GHz, one DCI can be used to schedule multiple PDSCHs or PUSCHs so as not only to save DCI overhead but also avoid the risk of losing the channel over unlicensed spectrum. It is straightforward to extend this multiple PDSCHs or PUSCHs scheduling via a single DCI to sidelink transmission over unlicensed spectrum. With multi-slot scheduling, after initiating a COT via performing channel access Type 1, a UE can transmit a single SCI to schedule multiple consecutive slots for PSSCH transmissions within the COT so that the signaling overhead for PSCCH can be greatly reduced and the saved PSCCH resources can be used for PSSCH transmissions. Furthermore, since the PSSCH transmissions in the multiple consecutive slots are performed within the COT, there is no need to perform LBT between two consecutive slots. 
In addition, there are several issues need to be solved if multi-slot scheduling is supported for sidelink evolution:
(1) The maximum number of slots schedulable by a single SCI needs to be determined based on the increasing SCI payload size and the maximum COT duration, e.g., whether to support max 8 slots scheduled by a single SCI.
(2) Since Rel-16/17 sidelink supports up to 3 resources reserved within 32 slots for one TB, whether the multiple PSSCHs scheduled by a single SCI are carrying a same TB or different TBs should be known to a UE. 
(3) Existing Rel-16 PSFCH feedback is corresponding to one PSSCH. If multiple PSFCHs are transmitted for multiple PSSCHs carrying a same TB, the PSFCH resource is wasted. In that sense, in case of a same TB repetition on the multiple scheduled PSSCHs, a single bit of HARQ-ACK feedback for the TB carried on one PSFCH is sufficient. 

Proposal 7: Multiple PSSCHs scheduled by a single SCI is supported for sidelink transmissions in FR1 unlicensed spectrum.

Channel access types for sidelink transmissions
[bookmark: _Hlk115087867]Transmissions on a single channel
When unlicensed spectrum is used for sidelink transmission, the channel access procedure is required before any sidelink transmission. It does make sense that a Tx UE initiated COT can be shared to one or more Rx UEs when the requirements of COT sharing is satisfied. One example is shown in Figure 4. After initiating a COT by performing Type 1 channel access procedure, Tx UE, named UE1 for simplicity, performs contiguous sidelink transmissions without any gap larger than 16us in time domain, and then can transmit COT sharing information to share some slots within the COT to Rx UE (e.g., UE2) for transmitting PSCCH and associated PSSCH. Upon reception of the COT sharing information from UE1, UE2 can perform Type 2A or Type 2B channel access procedure and transmit PSCCH/PSSCH within the COT if the Type 2A/2B channel access procedure is successful. 
Furthermore, if HARQ-ACK feedback is enabled, then PSFCH transmission can be contained within the COT so that an Rx UE can perform Type 2A or Type 2B channel access procedure and transmit PSFCH within the COT if the Type 2A/2B channel access procedure is successful. To leave the gap for Tx/Rx switching and performing Type 2A/2B channel access, one symbol can be reserved as gap before each PSFCH transmission. 
[image: ]
Figure 3: COT sharing for PSCCH/PSSCH and PSFCH transmissions

On the other hand, considering UE processing capability, it may be not possible for a Rx UE to decode a PSSCH and transmit the corresponding PSFCH within the COT. One example is shown in Figure 4, where CAPAC value of 2 is used for initiating the COT so the MCOT can have 4 slots. Two slots are assumed as the processing delay for PSFCH transmission. When HARQ-ACK feedback is enabled, then PSFCHs corresponding to PSSCHs in slot n and slot n+1 can be transmitted within the COT so that an Rx UE can perform Type 2A or Type 2B channel access procedure for transmitting the PSFCHs within the COT. However, for PSSCHs in both slot n+2 and slot n+3, due to the processing delay, the Rx UE can’t transmit PSFCHs for both PSSCHs within the COT and has to perform Type-1 channel access procedure for transmitting the PSFCHs outside of current COT. For quickly accessing the unlicensed channel, Type-1 channel access procedure with CAPC value of 1 can be adopted for transmitting a PSFCH outside of COT.

[image: ]
Figure 4: PSFCH transmissions inside/outside of COT

Based on above analysis, we have below proposals:
Proposal 8: A COT initiated by a Tx UE via Type 1 channel access can be shared to Rx UEs for transmitting PSFCH(s) inside of the COT.
Proposal 9: A COT initiated by a Tx UE via Type 1 channel access can be shared to other UEs for transmitting PSCCH/PSSCH(s) inside of the COT subject to regulation requirements on COT sharing.
Proposal 10: Type 1 channel access with lowest CAPC value can be performed for transmitting a PSFCH outside of a COT where the corresponding PSSCH is transmitted.

Regarding channel access Type 2A/2B/2C for SL, there is one FFS under which conditions Type 2B or Type 2C is applied in case of a gap of 16us. There is no such issue in Rel-16 NR-U since the LBT type for UL transmission is indicated in DCI and UE simply follows the indication. However, for Rel-18 SL over unlicensed spectrum, it is not clear which LBT type should be performed in case of 16us gap. We propose specifying UE behaviors by standards and using Type 2C if the corresponding transmission is not longer than 584us or Type 2B otherwise. 
Proposal 11: In case of 16us gap, UE applies Type 2C channel access if the corresponding transmission is not longer than 584us or Type 2B otherwise.

Transmissions on a multiple channels
The agreement in RAN1#110bis-e for multi-channel dynamic channel access has established the NR-U UL channel access procedures as the baseline, allowing to further study enhancements for SL-U operation.
In our opinion, a technically reasonable enhancement is the case where a Tx UE intends to transmit different transport blocks on multiple LBT channels and all LBT channels corresponding to a transport block pass the LBT.
However, before discussing channel access for such a case, RAN1 needs to have a technical agreement whether transmissions of multiple TBs over different LBT channels in a slot is supported or not. In our understanding, there is no similar behaviour supported in NR-U or SL-licensed so far. We also note that transmitting multiple TBs in the same slot may have consequences on the required scheduling flexibility transmit power and the CM/PAPR of the resulting transmission if, and such a behaviour may need a feasibility confirmation by RAN4. This may result in constraints to the scheduling flexibility that render this feature overall unattractive.
Proposal 12: Before discussing relaxations of channel access behaviour for SL-U in case of multiple TB transmissions on a carrier, RAN1 needs to have the technical discussion and agreement whether such a new transmission behaviour will be supported. This may involve RAN4's feedback on the feasibility and corresponding constraints.


UE-to-UE COT sharing operation 

Up to and including NR Release 17, NR-U has provided mechanisms to operate NR-RAT in unlicensed spectrum to share a channel occupancy time (COT) with another device. The benefit of such COT sharing is that a device initiating a COT can grant another device the right to use the initiated COT without requiring the target device to initiate its own COT. Initiating a COT usually involves a certain sensing time before transmissions are allowed, while starting transmission in a shared COT requires only a fraction of the sensing time required for initiating a COT.
A COT is characterized by one or more of the following properties:
· COT Initiator: The node initiating a COT, e.g. following a channel access procedure as specififed in 3GPP TS 37.213
· Channel Access Priority Class: One or more classes that imply e.g. required sensing duration when initiating a COT, MCOT, e.g. as defined in 3GPP TS 37.213.
· [bookmark: _Hlk100925354]MCOT: The maximum COT duration of a channel occupancy, counted or measured from the first transmission after initiation of the COT.
In the traditional cellular topology with a centralized scheduler, usually a gNB initiates a COT and may share this COT with one or more UEs; or a UE initiates a COT and could share this COT with a gNB. The sharing of a COT is indicated by a specific field in downlink control information or uplink control information. The COT sharing indicator may include means to indicate the maximum remaining duration of the COT being shared.
The following definitions are used for the purpose of sidelink channel access mechanisms:
Tx UE: A UE that transmits a COT sharing indicator via a sidelink connection
Rx UE: A UE that receives a COT sharing indicator via a sidelink connection 
COT Initiator: A sidelink device that initiated a channel occupancy e.g., Tx UE
COT Donor: A sidelink device that transmits a COT sharing indicator, e.g. a Tx UE. The COT Donor may be identical to the COT Initiator
COT Recipient: A sidelink device that receives a COT sharing indicator, e.g. a Rx UE 
The UE-to-UE COT sharing principles should take into consideration that the COT initiator which is the Tx UE may have connection with multiple Rx UEs or destinations as shown in Figure 1. The COT initiator or the Tx UE could share its initiated COT with multiple Rx UEs or destinations. The COT recipient acting as Rx UEs after receiving the COT sharing indicator could transmit data or feedback in the remaining channel duration. 



Figure 5: UE to UE COT sharing

The UE-to-UE COT sharing operation requires new SCI format to incorporate COT sharing indicator similar to DCI format 2_0 and further discussions are necessary how to transmit the COT sharing indicator to multiple Rx UEs or destination ids. The COT sharing indictor should include the remaining duration in terms of number of physical slots, channel access priority value, destination id of the COT recipient. If there are more than one COT recipients, then RAN1 should discuss how to signal more than one destination ids along with the COT sharing indicator. Hence how to define one to one and one to many of the SCI format carrying the COT sharing indicator should be discussed in RAN1. 
COT initiator can share the COT sharing indicator together with a destination ID and in such case COT recipient may transmit a unicast PSSCH towards the COT initiator in the shared COT. However, we need to restrict the COT recipient for one-to-many case, to limit the collision in the shared COT. COT sharing indicator can be restricted using a range value i.e., communication range UEs within the communication range may become the COT recipient which further utilizes the remaining channel occupancy duration indicated in the COT sharing indicator for transmission. UEs outside the communication range does not become the COT recipient which means UEs outside the communication range may not use the remaining channel occupancy duration for transmission.  
Proposal 13: COT sharing indication includes remaining duration in terms of number of physical slots, channel access priority value, destination id and/or range of the COT recipient
Proposal 14: COT initiator should have the flexibility to transmit COT sharing indicator to a one-one or one to many UEs/destinations

COT initiator which is the Tx UE should have the flexibility to transmit unicast, groupcast or broadcast data in the initiated COT and if there are no more data to be transmitted within the COT may share the initiated COT to multiple Rx UEs or destination ids. COT recipient should have the flexibility to use the shared COT to transmit unicast, groupcast, broadcast data. 

Proposal 15: COT recipient should have the flexibility to use the shared COT to transmit unicast, groupcast, broadcast data 

COT recipient need to transmit PSCCH/PSSCH, PSFCH in the shared COT to any UEs or destination ids unless the one of the transmissions is made to UE or source-destination id that provided the COT sharing indicator in that shared COT 
Proposal 16: COT recipient could use the shared COT to make PSSCH, PSFCH transmissions to any UEs or destination ids with a restriction that at least one transmission is to be made to the UE or source-destination id that provided the COT sharing indicator 

In a sidelink environment, a UE have sidelink connections to and from multiple UEs. Consequently, a UE may receive COT sharing indicators from many COT donor UEs. Since each of the indicated shared COTs results from a different donor device that may have e.g. remaining COT durations, priority class. COT recipient needs to select which of the indicated shared COTs to use and to abide by the rules pertaining to the selected COT.
Proposal 17: RAN1 needs to study mechanism for COT recipient to select one COT sharing indicator/COT donor 

Type 2A channel access for S-SSB, PSFCH  
Even though there has been no official agreement in RAN1#110bis-e for S-SSB and PSFCH channel access based on Type 2A, we think the FL proposal Proposal 3 (VI) [from R1-2210709] is a reasonable step forward, however we think that the same Type 2A based channel access should be supported for PSFCH and S-SSB.
Proposal 18:
· Type 2A channel access procedure is applicable for S-SSB and PSFCH transmissions for a UE without a shared channel occupancy, with a restriction on the frequency and total duration of transmissions accessing the channel with such Type 2A usage in a time interval. The detailed restriction criteria are FFS.
· If the restriction criteria cannot be met, Type 1 channel access is applicable for the S-SSB/PSFCH transmission(s) in question.
· FFS: whether Type 2 channel access procedures can be applied to groupcast option 1 (if supported)
· FFS: how to define the value of [image: ] within the energy detection threshold calculation for S-SSB and PSFCH transmissions


Contention window size update 
The type-1 channel access describing contention window size (CWS) adaptation procedure described in 3GPP TS 37.213 for NR-U specifically designed for unicast PDSCH, PUSCH transmission. The NR-U contention window size adaptation procedure considers amount of HARQ feedback reception from TB, CBG based transmission within the reference duration. However, such CWS adjustment procedure should be studied for sidelink channel access mechanism considering unicast, groupcast and broadcast type of PSCCH/PSSCH transmission, transmission in a reference duration to multiple Rx UEs/destination ids and different HARQ feedback types especially for groupcast type e.g., Groupcast HARQ feedback option 1 (common NACK), Groupcast HARQ feedback option 2(dedicated ACK/NACK) defined in NR Rel16 Sidelink. 
Existing uplink containing no HARQ-ACK procedure for the contention window size update may not be suitable for sidelink considering that in sidelink there are different reasons for the lack of HARQ feedback e.g., groupcast option-1.

Observation 1: The uplink contention window size update procedure cannot be directly applied to sidelink 
Proposal 19: RAN1 to study on the contention window size update procedure considering different cast type, transmission/reception from multiple Rx UEs or destinations and different HARQ feedback types e.g., groupcast option-1.


One shot SL HARQ feedback
In Rel-16, as part of the NR-U feature one shot HARQ feedback report transmission with UE transmitting a snapshot of HARQ-ACK report of all HARQ process using PUCCH or PUSCH when a UE receives DCI format 1_1 contain one bit to request the transmission of one shot HARQ feedback. 
However, in sidelink the one shot HARQ feedback reporting might need to be associated to a destination, cast types and moreover there is only a limited number of HARQ process between a source-destination pair of UEs as shown in the below Figure 2. Hence the procedure of transmission of SL one shot HARQ feedback should consider different source-destination ids, cast types such as unicast, groupcast, broadcast, HARQ feedback options and blind retransmissions etc., Also reporting one shot HARQ feedback report from Tx UE to gNB for all SL HARQ process should be studied which could be useful when due to LBT failures there could be delay in sidelink HARQ feedback reporting to gNB.


Figure 6: Showing active HARQ processes between UE1, UE2 and UE3 

The sidelink feedback transmission/reception by a UE could be affected due to LBT failures and there exists NR-U features such as one-shot HARQ feedback, non-numerical HARQ feedback timing indicator to counter this problem. Such feature could be studied and requires adaptation for sidelink unlicensed operation. 
Proposal 20: RAN1 to study the benefit of introducing the one-shot HARQ feedback, non-numerical HARQ feedback timing indicator features for sidelink unlicensed operation. 

Non-numerical feedback timing indicator 
Non-numerical value as feedback timing was introduced which eventually postponed the transmission of the generated HARQ feedback while a subsequent HARQ transmission of numerical value as part of the DL DCI triggers the transmission of the previously generated HARQ feedback for those HARQ processes that was transmitted using non-numerical value indication. The Rel-16 sidelink HARQ feedback reporting may get delayed due to LBT failures and channel occupancy limitation. Such delay in the sidelink HARQ feedback reception at the Tx UE may also affect the reporting of SL HARQ feedback to gNB. 
Currently the feedback timing for sidelink transmission is (pre)configured in a resource pool and not dynamically signalled and there should be some signalling enhancement needed to dynamically indicate the non-numerical feedback timing value to the Rx UEs or destinations to delay the transmission of SL HARQ feedback reporting. Further a trigger needs to be subsequently transmitted to request the transmission of SL HARQ feedback of those SL HARQ process previously indicated with non-numerical HARQ feedback timing value.  Such mechanism may also beneficial for gNB to delay the HARQ feedback transmission from a Tx UE using the non-numerical HARQ feedback timing value in DCI format 3_0. 
Proposal 21: RAN1 to study the benefit of delaying the generation and transmission of SL HARQ feedback using non-numerical HARQ feedback timing value for an unlicensed spectrum.

Other PSFCH enhancements
In many geographical and/or frequency regions, a device is required to pass a clear channel assessment (CCA) procedure, such as LBT, before being allowed to transmit on the unlicensed carrier (shared spectrum). In case the CCA fails for a given transmission instance, the device is not allowed to transmit. Consequently this may lead in not being able to transmit a PSFCH in a specific PSFCH period. This leads to potentially unnecessary retransmissions of packets, as the original data transmitter expecting ACK/NACK feedback on PSFCH may trigger a retransmission in case of missing ACK/NACK feedback. 
An additional problem occurs in option 1 (where a UE reports feedback on the PSFCH for the data only if the feedback is NACK) for groupcast transmissions, where a missing feedback due to a failed CCA may be interpreted as an ACK by the original data transmitter, even though the feedback transmitter may have intended to convey a NACK to request a retransmission; in this case, the original data transmitter may be unaware that a retransmission of the data is necessary, leading to undetected data loss.
Up to Release 17, a PSFCH occasion is always periodic and occurs in the last slot of a PSFCH period, i.e., there is one occasion per PSFCH period, N = {1, 2, 4} configured in a resource pool.  This is sufficient for a licensed carrier scenario especially in a scheduled mode but imposes severe limitations in case sidelink transmission occur on a sidelink unlicensed carrier.
Proposal 22: RAN1 could further study the PSFCH enhancement to mitigate problems arising due to delayed sidelink HARQ feedback reception for an unlicensed spectrum.


Conclusion
[bookmark: _Hlk101873554]In this contribution, we focus on the channel access mechanism and procedure for sidelink transmission on FR1 unlicensed spectrum and have below observations and proposals:
Observation 1: The uplink contention window size update procedure cannot be directly applied to sidelink 

Proposal 1: FBE-based channel access is supported for sidelink transmissions in FR1 unlicensed spectrum.
Proposal 2: Support separate channel access procedure for uplink and sidelink in Rel-18 i.e., uplink and sidelink does not share the same UE initiated COT
Proposal 3: From RAN1’s perspective, mapping every two consecutive L1 priorities to one channel access priority class is feasible, mapping every two consecutive L1 priorities to one channel access priority class is feasible for sidelink transmissions in FR1 unlicensed spectrum.
Proposal 4: RAN1 support the LBT sub-band size i.e., LBT bandwidth configuration of 20 MHz, LBT energy detection threshold for a sidelink device operating in an unlicensed carrier 
Proposal 5: RAN1 could prioritize the study of mode 1 -- NR licensed carrier (gNB) scheduling data transmission on SL-unlicensed carrier and LTE licensed carrier (eNB) scheduling data transmission on SL-unlicensed carrier.  
Proposal 6: For burst-based sidelink transmission, from a Tx UE’s point of view, no gap symbol is included in between any two consecutive slots.
Proposal 7: Multiple PSSCHs scheduled by a single SCI is supported for sidelink transmissions in FR1 unlicensed spectrum.
Proposal 8: A COT initiated by a Tx UE via Type 1 channel access can be shared to Rx UEs for transmitting PSFCH(s) inside of the COT.
Proposal 9: A COT initiated by a Tx UE via Type 1 channel access can be shared to other UEs for transmitting PSCCH/PSSCH(s) inside of the COT subject to regulation requirements on COT sharing.
Proposal 10: Type 1 channel access with lowest CAPC value can be performed for transmitting a PSFCH outside of a COT where the corresponding PSSCH is transmitted.
Proposal 11: In case of 16us gap, UE applies Type 2C channel access if the corresponding transmission is not longer than 584us or Type 2B otherwise.
Proposal 12: Before discussing relaxations of channel access behaviour for SL-U in case of multiple TB transmissions on a carrier, RAN1 needs to have the technical discussion and agreement whether such a new transmission behaviour will be supported. This may involve RAN4's feedback on the feasibility and corresponding constraints.
Proposal 13: COT sharing indication includes remaining duration in terms of number of physical slots, channel access priority value, destination id and/or range of the COT recipient.
Proposal 14: COT initiator should have the flexibility to transmit COT sharing indicator to a one-one or one to many UEs/destinations.
Proposal 15: COT recipient should have the flexibility to use the shared COT to transmit unicast, groupcast, broadcast data. 
Proposal 16: COT recipient could use the shared COT to make PSSCH, PSFCH transmissions to any UEs or destination ids with a restriction that at least one transmission is to be made to the UE or source-destination id that provided the COT sharing indicator. 
Proposal 17: RAN1 needs to study mechanism for COT recipient to select one COT sharing indicator/COT donor. 
Proposal 18:
· Type 2A channel access procedure is applicable for S-SSB and PSFCH transmissions for a UE without a shared channel occupancy, with a restriction on the frequency and total duration of transmissions accessing the channel with such Type 2A usage in a time interval. The detailed restriction criteria are FFS.
· If the restriction criteria cannot be met, Type 1 channel access is applicable for the S-SSB/PSFCH transmission(s) in question.
· FFS: whether Type 2 channel access procedures can be applied to groupcast option 1 (if supported)
· FFS: how to define the value of [image: ] within the energy detection threshold calculation for S-SSB and PSFCH transmissions
Proposal 19: RAN1 to study on the contention window size update procedure considering different cast type, transmission/reception from multiple Rx UEs or destinations and different HARQ feedback types e.g., groupcast option-1.
Proposal 20: RAN1 to study the benefit of introducing the one-shot HARQ feedback, non-numerical HARQ feedback timing indicator features for sidelink unlicensed operation. 
Proposal 21: RAN1 to study the benefit of delaying the generation and transmission of SL HARQ feedback using non-numerical HARQ feedback timing value for an unlicensed spectrum.
Proposal 22: RAN1 could further study the PSFCH enhancement to mitigate problems arising due to delayed sidelink HARQ feedback reception for an unlicensed spectrum.
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