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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#98, the WI on sidelink evolution was updated for Rel-18 (RP-222806) [1]. In this WI, the objective on sidelink in unlicensed spectrum is specified as: 
1. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· No specific enhancements for existing NR SL feature
· Focus on FR1 unlicensed bands (n46 and n96/n102).
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.
In this contribution, we present our views on the channel access mechanisms for sidelink transmission in unlicensed spectrum.  

[bookmark: _Ref101716712]Sidelink Channel Access Mechanism in NR Unlicensed Spectrum
NR channel access procedures in shared (unlicensed) spectrum are specified in TS 37.213, which are aligned with the requirements specified for compliance in European harmonized standard for WAS/RLAN in 5 GHz [2].  
S-SSB
In RAN1#111 the following agreements were reached for S-SSB channel access:
Agreement
· Type 2A channel access procedure is applicable for S-SSB transmissions from a UE without a shared channel occupancy, when the following constraints are met:
· Time duration is at most 1ms per transmission 
· The duty cycle of the S-SSB transmissions is at most 1/20
· FFS: details of EDT
· FFS: whether/how to define observation period, including whether or not observation period would be captured in the specifications if defined
· FFS: Type 2A applicability for PSFCH without a shared channel occupancy and further limitations for combined transmissions of both S-SSB and PSFCH using Type 2A channel access procedure

The above agreement deals with the S-SSB transmissions outside of a shared COT, and it corresponds to DL Type 2A channel access, which is defined for discovery burst [TS 37.213], “where the transmission(s) duration is at most , and the discovery burst duty cycle is at most .”
In licensed bands S-SSB is characterized by its time allocation, which consists of a number of SSB transmissions in a 16 frame period, the time interval between two consecutive SSB transmissions and the offset of the first SSB transmission in a period with respect to the start of SSB period.  For instance, for SCS=30kHz there is a single S-SSB transmission in a period, while for SCS=60kHz there are up to two transmissions in a period. The time offset and respectively the time interval can take values in the intervals (0...1279) and respectively (0…639). The time offset and the time interval can be set independently.
If a similar time allocation is used for S-SSB in the unlicensed spectrum, based on the above agreement, the time offset, and time interval should be selected such that the S-SSB duty cycle is at most 1/20. For instance, for SCS=30kHz, if a single S-SSB is transmitted in a period the offset should be at least 20 slots. For SCS=60kHz if two S-SSB transmissions are configured in a S-SSB period, the offset may be at least 20 slots and the time interval at least 20 slots.
Proposal 1: Define time allocation for S-SSB burst consistent with Type 2A channel access.
In the licensed spectrum S-SSB is transmitted in a dedicated resource pool, that is the data (PSSCH) and S-SSB are not transmitted in the same resource pool, which allows an uninterrupted transmission of the S-SSB. Licensed S-SSB is also characterized by a priority value. The S-SSB priority is used to decide transmission/reception when it overlaps with transmit or receive sidelink synchronization signals for E-UTRA radio access.
In unlicensed bands channel access collisions are avoided by the LBT channel access procedure, while the resource reservation collisions could be avoided by the SL resource sensing and reservation procedure.  Possible S-SSB collisions may be mitigated via time scheduling of S-SSB transmissions like in the licensed case where the time allocation of the S-SSB is one of the three possible time configurations provided by the upper layer in sl-SSB-TimeAllocation1/2/3-r16 defined in TS 38.331.
Like in the licensed solutions, a dedicated resource pool may be used for S-SSB transmission and receptions. This would allow SL UE to monitor the dedicated resource pool only for synchronization purposes.
Proposal 2: Support a S-SSB dedicated resource pool associated with the SL BWP configuration.
We note that a sidelink resource pool [TS 38.214, Clause 8] consists of sl-NumSubchannel contiguous subchannels, and of a set of slots. The set of slots should not include the S-SSB slots, the non-sidelink (i.e., not semi-statically configured as UL by higher layer) and the reserved slots. Using the same approach for the unlicensed spectrum may cause a COT initiated by a UE for data transmission to contain slots outside of the sidelink resource pool, such as S-SSB slots, reserved slots or slots dedicated to DL transmissions.
Observation 1: COT may contain slots other than those of the sidelink resource pool, for instance S-SSB slots.
During RAN1#111 it was agreed that:
Agreement
For UE-to-UE COT sharing,
When performing S-SSB transmission(s), a responding UE can utilize a COT shared by a COT initiating UE (using type 1 channel access) when the responding UE is intended to transmit S-SSB within RB set(s) corresponding to the shared COT.
In this case the channel access for S-SSB transmission should follow the COT sharing rules. Type 2A is still allowed in a COT sharing. However, when a UE uses Type 2A channel access in a shared COT, it should not be considered part of the burst, which is limited by the 1/20 duty cycle rule, given that for COT initiation Type 1 channel access was used.
Proposal 3: The 1/20 duty cycle for every 1ms constraint should not apply for S-SSB transmissions in a shared COT.
In unlicensed bands, when LBT fails prior to S-SSB transmission, the SL UE cannot transmit the S-SSB. This scenario may lead to additional delays in synchronization; therefore, it is preferable to increase the number of S-SSB transmission opportunities with respect to licensed bands solution.
Proposal 4: Provision SL unlicensed with additional S-SSB transmission opportunities per 16- frame period. For instance, for SCS=30kHz up to 2 S-SSB transmissions and for SCS=60kHz up to 4 S-SSB transmissions per 16-frame period.
One of the remaining open questions is whether S-SSB may be transmitted in (or S-SSB can be (pre-)configured) in more than one RB set. Given that all SL UEs operate in the same BWP, we do not see necessary that S-SSB to be transmitted in more than one RB set. Such solution would be preferable only if different SL UEs monitor different RB sets in the same BWP for synchronization purposes. This would not be necessary given that a SL BWP is characterized by a single numerology, and a number of sub-channels.
Proposal 5: Support only S-SSB transmissions in the same RB set, for instance, the lowest RB set of the SL BWP.

PSFCH
In RAN1#111 the following agreement for PSFCH channel access was reached:
Agreement
For dynamic channel access mode with multi-channel case in SL-U, use NR-U DL (Type A or Type B) multi-channel access procedure as the baseline for multiple PSFCH transmissions on multiple channels, where each PSFCH transmission is confined within one LBT channel.
· FFS: the case for S-SSB if agreed to transmit S-SSB (or S-SSB can be (pre-)configured) in more than one RB set
· FFS: whether type A or type B or both will be supported for this case for PSFCH
· FFS: whether multiple PSFCH transmissions on multiple channels after performing the multi-channel access procedure is limited to contiguous RB sets
The NR-U [TS 37.213] definition of a channel is:
“A channel refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum.”
Currently there is not a final agreement on mapping the SL subchannels and RB sets for SL-U. In addition, it is not yet decided the relationship between the RB set and the NR-U type channel. Because the RB set size, as defined in TS 38.101, corresponds to 20 MHz BW, it is expected that, like in NR-U, an RB set corresponds to an LBT channel.
As per the above agreement, each PSFCH transmission that takes place is confined within one LBT channel, which corresponds to an RB set.  The PSFCH transmitted in that RB set will contain the feedback (HARQ or the IUC related information) corresponding to that single LBT channel (RB set).
In SL the PSFCH transmit occasions are configured per resource pool. For multi-channel transmissions the resource pool must span over multiple channels and therefore makes sense that the PSFCH transmissions occasion are aligned across LBT channels.
Proposal 6: For multi-channel transmission support PSFCH transmission occasions aligned across multiple RB sets (LBT channels).
In licensed spectrum, the PSSCH transmissions cannot take place in the symbols that are configured for use by PSFCH if PSFCH is configured in the same slot. Moreover, the UE shall not transmit PSSCH in the symbol immediately preceding the symbols which are configured for use by PSFCH, if PSFCH is configured in this slot [TS 38.214, Clause 8.1.2.1].  The symbol prior to the PSFCH symbols (guard symbol) is used for Rx-Tx or Tx-Rx transition. In FR1 the transition time [TS 38.211, Clause 4.3.2] is upper bounded by 25600 Tc, where Tc is sampling time of 0.509ns. Thus, the upper bound of transition time is 13us. The symbol durations (including CP) for SCS=15kHz, 30kHz and 60 kHz are 71.35us, 35.6us, and respectively 17.84us. The symbol duration must cover the transition time and the LBT duration.  Channel Access Priority Class (CAPC) determines the CWmin and CW max and therefore the maximum duration of LBT procedure [TS 37.213]. The expected channel sensing time before channel access in the absence of other transmissions is limited by the initial defer duration and the maximum random counter value i.e. CWmax sensing slots. The defer duration consists of duration Tf=16us followed by mp of consecutive sensing slots (Tsl=9us), i.e., 16us+ mp x 9us. The following table, excerpts from TS 37.213, shows the values for mp, CWmin and CWmax (where unit is a sensing slot duration of 9us) corresponding to different CAPC.

Table 1, Channel Access Priority
	CAPC value
	mp
	CWmin
	CWmax

	1
	1
	3
	7

	2
	1
	7
	15

	3
	3
	15
	63

	4
	7
	15
	1023



For instance, for CAPC=1, the minimum time for channel access is 25us (16us+9us) +27us (CWmin= 3x9us) =52us, which is longer than the symbol duration for SCS=30kHz or 60kHz. While the expected latency is 25us +(5x9us) =70us. Where 5 is the average CW= (CWmin+CWmax)/2. Clearly using Type 1 of channel access a single guard symbol is not sufficient for transition time and channel sensing. 
In order to keep the sidelink frame format in unlicensed spectrum consistent with sidelink format in licensed spectrum, that is to have a single guard symbol between PSSCH and PSFCH, a shorter deterministic channel sensing is necessary. Short channel sensing is provided by Type 2 DL channel sensing (Type 2A 25us, Type 2B 16us and Type 2C 0us). We observe that for SCS=30kHz the symbol length is too short to accommodate transition time and a Type 2A channel access, while for SCS=60kHz even Type 2B channel access is too long for a single symbol gap.
Another, way to solve the issue of channel sensing during a single symbol is to use Cyclic Prefix Extension (CPE) as in NR-U [TS 38.211, Clause 5.3.1].  Such solution consists in extending PSFCH transmission to obtain a short gap between consecutive transmissions, which would not require a LBT procedure.  In RAN1#111 it was agreed that a single CPE starting position for PSFCH is supported. Given that each resource pool may have different SCS configuration is important that the CPE starting position achieve the desired result, which means a gap of less than 16us between consecutive duration. This implies that the CPE starting position for PSFCH should be configured by resource pool.
Proposal 7: Support CPE starting position (pre-)configured in each resource pool for PSFCH transmission. 

CW update
[bookmark: _Hlk119444613]In RAN1#111 the following agreement was reached for the purpose of defining CW update procedure:
Agreement
SL reference duration is defined as a duration corresponding to a channel occupancy initiated by the UE including transmission of PSSCH(s), starting from the beginning of the channel occupancy initiated by the UE including transmission of PSSCH(s), until either (one option to be selected later):
· Option 1a: 
· the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with ACK/NACK HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 1b: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 2a: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled if it is transmitted, otherwise until the end of the channel occupancy
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 2b: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled if it is transmitted, otherwise until the time when UE updates the CW
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed

In our understanding, the update of CW is necessary to avoid transmission collisions, and it is equivalent to spreading the transmissions over larger period. A transmission collision may be inferred only from the NACK received in the HARQ-ACK feedback. Indeed, the presence of NACK signals that the PFSCH between transmitter and receiver still operates, i.e., they are still in each other coverage therefore it is likely that the transmission fails due to a possible collision. If such feedback is not enabled, one cannot draw any conclusion regarding a possible transmission collision. For instance, the lack of ACK may be due to of out-of-range failure, and therefore, an increase of CW is not necessary.  With this understanding, we find Option 1a the most appropriate for defining SL reference duration.
Proposal 8: For SL reference duration definition support Option 1a, i.e., the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted.
Note that the proposed definition for the reference duration may be used for the multicast as well. 

CPE
In RAN1#111 the following agreement regarding CPE usage was achieved:
Agreement
· A CPE is transmitted from a CPE starting position before SL transmission within a COT, select one or both of the two options:
· Option 1: within the symbol just before the next AGC symbol
· Option 2: within at most 1, 2 or 4 symbols just before the next AGC symbol for 15, 30 or 60 kHz SCS, respectively
· FFS: whether Option 1 and Option 2 are both applicable and the conditions (e.g., Option 1 in case of COT sharing and Option 2 in case of initiating a COT)
· FFS: which channel access type(s) is applicable for option 1 and option 2
· FFS: other details
· A single CPE starting position for PSFCH
· FFS CPE starting position and whether it should be (pre-)configured in each RP, pre-defined or indicated
· FFS other details (e.g., indication granularity)
· Note: value 0 is a candidate
· At least one CPE starting position for S-SSB
· FFS CPE starting position should be (pre-)configured, pre-defined or indicated
· FFS: Whether multiple CPE starting positions should be (pre-)configured, pre-defined or indicated
· FFS CPE starting positions for the R16 S-SSB and the additional S-SSBs 
· Note: value 0 is a candidate
· One or multiple CPE starting positions can be (pre-)configured in each resource pool for PSSCH/PSCCH
· When multiple CPE starting positions are (pre-)configured, 
· FFS whether/how to define a criteria for selecting a default CPE starting position (e.g., according to partial/full RB set allocation, resource reservation information, within or outside of a COT, etc.)
· FFS criteria for selecting one of the multiple CPE starting positions (e.g., according to priority level (e.g., CAPC or L1), selected randomly by UE from the (pre-)configured set of CPEs, selected by the UE based on channel access result, determined based on indication from the COT initiating UE, etc.)
· FFS other details

The channel access in unlicensed spectrum as specified in ETSI [2] uses absolute time durations to specify the conditions for channel access and LBT steps. Therefore, is preferable if the CPE itself is not tied to a specific number of symbols but rather to relative number of symbols corresponding to the same absolute time duration. To this end, Option 2 is preferable. 
Proposal 9: A CPE is transmitted from a CPE starting position before SL transmission within a COT, within at most 1, 2 or 4 symbols just before the next AGC symbol for 15, 30 or 60 kHz SCS, respectively.
We note that Option 2 covers Option 1 as well due to “within at most” wording. Thus, according with this option when initiating a COT, the CPE duration may be extended to multiple symbols depending on the SCS value. For COT sharing purpose a single symbol for CPE extension within a symbol may be sufficient given that the symbol duration is larger than 16us the allowable gap for skipping CCA (LBT procedure). 

COT sharing
Agreement
For UE-to-UE COT sharing,
· When performing S-SSB transmission(s), a responding UE can utilize a COT shared by a COT initiating UE (using type 1 channel access) when the responding UE is intended to transmit S-SSB within RB set(s) corresponding to the shared COT. When performing PSFCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when at least one of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE.
· FFS: whether a responding UE can transmit PSFCH(s) to UE(s) other than the initiator
· When performing PSSCH/PSCCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when the responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to the shared COT is intended for the COT initiating UE
· FFS whether to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission, where the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) can be different from the source/destination IDs of COT initiating UE’s PSSCH/PSCCH transmission when sharing the COT information.
· FFS: how to determine / what are the restrictions to the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) to utilize the COT shared by the initiating UE.
· FFS whether the responding UE can utilize the COT when at least the responding UE’s PSCCH transmission in the reserved resources within the shared COT or MCSt is intended for the COT initiating UE and what are the restrictions (e.g., priority, etc.) and indication to the responding UE.
· FFS: UE forwarding/relaying information about a COT initiated by another UE.

We do not see the need of supporting UE forwarding/relaying information about a COT initiated by another UE. If such feature would be supported, it would generate possible additional transmissions a lead to more congestion and collisions due to hidden node problem. Indeed, such feature will allow extension of the range beyond the COT initiator coverage, which will raise the probability of hidden node collisions at the edge of this coverage. Another possible outcome of this feature is an increase of unfairness among the UEs. The receiver of the relaying information may have an increased number of transmission opportunities with respect to other UEs. Yet another issue with this feature will be the necessary routing for this information. For instance, if multiple UEs try to forward the same information to the same UE, additional unnecessary traffic is introduced. 
Proposal 10: UE forwarding/relaying information about a COT initiated by another UE should not be supported.
An open issue in the above agreement is whether to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission. The ETSI regulation [2] defines the Initiating and Responding Device roles for COT sharing. The Responding Device is not constraint to transmit only to the initiator device. However only a Responding Devices is allowed to share the Initiator COT. From this perspective, a Responder Device can transmit to another device than the Initiator Device. At the end of a COT the transmission grant for a Responder device is withdrawn.  
Proposal 11: Support the case where a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission. A device that is neither the initiator UE nor a responding UE in a COT cannot transmit as UE sharing that COT. 
This proposal corresponds to the ETSI restrictions. When a UE that is neither an initiator nor a responder in a COT still may transmit using the channel access rules without COT sharing. For instance, it may send a HARQ feedback to a Responder UE after an appropriate LBT procedure. Therefore, we do not see necessary any additional restrictions on the destination ID of a responding UE.
In addition, the above proposal does not impose any restriction on the traffic between two responding UEs. They should freely communicate as COT sharing UEs. However, this approach raises the question how to deal with the case of collisions between two transmissions/receptions or a transmission and reception from/to another responder or initiator UE.  Such potential conflicts may be handled by the SL resource reservation procedure based on the SL priority. When traffic from a responder UE and traffic from initiator UE have the same priority, the initiator UE should gain the access to resources.
Proposal 12: During a COT sharing where the COT UE initiator and UE responder content for resources with the same sidelink priority the initiator UE gains the access to resources.   
Multi-channel access
Regarding multi-channel transmissions the following agreement was reached in RAN1#110b:
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.
We note that NR-U UL multi-channel access procedure requires as necessary condition for multi-channel transmission that UE can access all the channels, of the carrier bandwidth, on which the UE is scheduled or configured with UL resources.
Following the NR-U UL multi-channel as baseline [TS 37.213, Clause 4.2.1.0.4] implies that a SL UE cannot transmit in any channel of a BWP if it fails to access any channel of that BWP. Moreover, the transmission on multi-channels should be preceded by successful LBT Type 1 on a channel randomly selected and successful LBT Type 2 on each of the other BPW channels. 
Proposal 13: A SL multi-channel transmission Type 1 indicated or intended for the scheduled or configured UL transmissions, respectively, to be transmitted on the set of channels C of the SL BWP may take place if
· For each channel  a channel access Type 1 is used OR
· If Type 2 channel access procedure is performed on channel immediately before the UE transmission on channel , , AND
· If the UE has accessed channel  using Type 1 channel access procedure as described in TS 37.213 clause 4.2.1.1, 
· where channel  is selected by the UE uniformly randomly from the set of channels  before performing Type 1 channel access procedure on any channel in the set of channels .
· the UE may not transmit on channel c_i∈C within the SL BWP, if the UE fails to access any of the channels, of the SL BWP, on which the UE is scheduled or configured.

Conclusion
Proposal 1: Define time allocation for S-SSB burst consistent with Type 2A channel access.
Proposal 2: Support a S-SSB dedicated resource pool associated with the SL BWP configuration.
Observation 1: COT may contain slots other than those of the sidelink resource pool, for instance S-SSB slots.
Proposal 3: The 1/20 duty cycle for every 1ms constraint should not apply for S-SSB transmissions in a shared COT.
Proposal 4: Provision SL unlicensed with additional S-SSB transmission opportunities per 16- frame period. For instance, for SCS=30kHz up to 2 S-SSB transmissions and for SCS=60kHz up to 4 S-SSB transmissions per 16-frame period.
Proposal 5: Support only S-SSB transmissions in the same RB set, for instance, the lowest RB set of the SL BWP.
Proposal 6: For multi-channel transmission support PSFCH transmission occasions aligned across multiple RB sets (LBT channels).
Proposal 7: Support CPE starting position (pre-)configured in each resource pool for PSFCH transmission. 
Proposal 8: For SL reference duration definition support Option 1a, i.e., the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted.
Proposal 9: A CPE is transmitted from a CPE starting position before SL transmission within a COT, within at most 1, 2 or 4 symbols just before the next AGC symbol for 15, 30 or 60 kHz SCS, respectively.
Proposal 10: UE forwarding/relaying information about a COT initiated by another UE should not be supported.
Proposal 11: Support the case where a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission. A device that is neither the initiator UE nor a responding UE in a COT cannot transmit as UE sharing that COT. 
Proposal 12: During a COT sharing where the COT UE initiator and UE responder content for resources with the same sidelink priority the initiator UE gains the access to resources.   
Proposal 13: A SL multi-channel transmission Type 1 indicated or intended for the scheduled or configured UL transmissions, respectively, to be transmitted on the set of channels C of the SL BWP may take place if
· For each channel  a channel access Type 1 is used OR
· If Type 2 channel access procedure is performed on channel immediately before the UE transmission on channel , , AND
· If the UE has accessed channel  using Type 1 channel access procedure as described in TS 37.213 clause 4.2.1.1, 
· where channel  is selected by the UE uniformly randomly from the set of channels  before performing Type 1 channel access procedure on any channel in the set of channels .
· the UE may not transmit on channel c_i∈C within the SL BWP, if the UE fails to access any of the channels, of the SL BWP, on which the UE is scheduled or configured.
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