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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#94-e, a WI on sidelink evolution was agreed for Rel-18 (RP-213678) [1]. In this WI, an objective on sidelink in unlicensed spectrum is included as: 
· 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
· [bookmark: _Hlk89917081]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.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
In this contribution, we discuss the resource allocation and physical channel design for sidelink transmission in unlicensed spectrum.  

Discussions 
[bookmark: _Ref101716712]Channel Access Mechanism in NR Unlicensed (NR-U) Spectrum
[bookmark: _Hlk101799924]We first briefly recap the channel access mechanism in NR unlicensed (NR-U) spectrum. NR channel access procedures in shared (unlicensed) spectrum are specified in TS 37.213, which is aligned with the requirements specified for compliance in the European harmonized standard for WAS/RLAN in 5GHz [2]. The basic mechanism is Listen Before Talk (LBT), i.e., before transmitting anything, the UE (or gNB) performs an energy detection (ED) based clear channel assessment (CCA) sensing to determine whether the channel is idle or occupied. If LBT is successful, i.e., the channel is idle, the UE (or gNB) can transmit the transmission.
Several types of LBT are supported in NR-U for both DL and UL channel accesses.
· Type 1 (CAT4 LBT): 25μs sensing interval which starts and ends by a 9 μs sensing slot
· Type 2A (CAT2 LBT with 25μs gap) 25μs sensing interval which starts and ends by a 9 μs sensing slot
· Type 2B (CAT2 LBT with 16μs gap): a sensing slot occurs within the last 9μs. The channel is idle if it is determined to be idle for a total of at least 5μs with at least 4μs of sensing occurring in the last sensing slot
· Type 2C (CAT1 or No LBT): no LBT is required for a gap of up to 16 μs. The transmission duration limited to 584μs.
In particular, Type 1 LBT based CCA is the basic channel access procedure before a device starting a transmission without any previous transmissions or when the gap to the previous transmission is larger than 25ms. As described in TS 37.213, a gNB or a UE may transmit the transmission using Type 1 channel access procedure according to following steps after first sensing the channel to be idle during the slot durations of a defer duration , and after the counter  is zero in step 4. 
	1)	set , where  is a random number uniformly distributed between 0 and , and go to step 4;
2)	if  and the UE chooses to decrement the counter, set ;
3)	sense the channel for an additional slot duration, and if the additional slot duration is idle, go to step 4; else, go to step 5;
4)	if , stop; else, go to step 2.
5)	sense the channel until either a busy slot is detected within an additional defer duration  or all the slots of the additional defer duration  are detected to be idle;
6)	if the channel is sensed to be idle during all the slot durations of the additional defer duration , go to step 4; else, go to step 5;


The defer duration  consists of duration  immediately followed by  consecutive slot durations where each slot duration is , and  includes an idle slot duration  at start of .  is the contention window, where  and  are chosen before step 1. The parameters , , and  are based on the CAPC  as shown in Table 4.1.1-1 and Table 4.2.1-1 (as copied below) from TS37.213 for DL and UL transmissions, respectively.  

Table 4.2.1-1 (TS37.213): Channel Access Priority Class (CAPC) for UL
	Channel Access Priority Class ()
	
	
	
	
	allowed  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:	For ,  if the higher layer parameter absenceOfAnyOtherTechnology-r14 or absenceOfAnyOtherTechnology-r16 is provided, otherwise, . 
NOTE 2:	When  it may be increased to  by inserting one or more gaps. The minimum duration of a gap shall be . The maximum duration before including any such gap shall be . 



Following a successful Type 1 LBT, the device initiates a Channel Occupancy Time (COT) and transmits. Within the COT, the device(s) continues the transmission without LBT if the gap between consecutive transmissions is short enough, i.e., less than 16ms. If the gap is between 16 to 25 ms, the device may transmit after a short Type 2 LBT. If the gap is larger than 25ms, the Type 1 LBT based CCA is required.
The channel access based on CAPC is mandated for any type of devices that operate in EU 5GHz unlicensed bands and is specified by ETSI. The LBT based channel access in the shared spectrum is aligned with the requirements specified by ETSI. As described in SID, the NR-U LBT based channel access mechanism is reused for sidelink in unlicensed spectrum.
Considerations on Physical Channel Design for Sidelink Unlicensed 
[bookmark: _Ref101793087]Sidelink Resource Allocation in Unlicensed Spectrum
Given the parameters (, , and ) for different CAPCs provided in Table 4.1.1-1 or Table 4.2.1-1 from TS37.213, the timing for Type 1 LBT is on the order of tens to few hundreds of microseconds for 5GHz bands, which may be equivalent to the duration of one or a few OFDM symbols. For instance, when the value of CAPC =1, the LBT duration (when successful) corresponds to a sensing slot duration (9ms) plus the backoff period duration (between 3×9 and 7×9 ms), i.e., less than 73ms. In the sidelink, four SCS values are supported, i.e., m={0,1,2,3} with SCS={15, 30, 60, 120} kHz. As shown in Table 1, the SCS values of {15, 30, 60, 120} kHz correspond to the OFDM symbol duration of {66.7, 33.3, 16.7, 8.33} ms or a total OFDM symbol duration of {71.36, 35.68, 17.84, 8.92} ms if including the normal CP duration.  

	

	
SCS
	OFDM
Symbol Duration

s
	CP
Duration

s
	Total OFDM duration

s

	0
	15
	66.67
	4.69
	71.36

	1
	30
	33.33
	2.34
	35.68

	2
	60
	16.67
	1.17
	17.84

	3
	120
	8.33
	0.59
	8.92


[bookmark: _Ref101776420]Table 1 OFDM symbol duration for different SCS
In the sidelink, the sensing window and resource selection window are much longer than the duration for LBT based channel access. The SL sensing window is up to 100 ms. The resource selection window duration is T2-T1. T1 can be as low as zero and the minimum of T2, T2 min, is {1, 5, 10, 20} × 2m slots, corresponding to SCS values of {15, 30, 60, 120} kHz, resulting in durations of {1, 2.5, 2.5, 2.5} ms. 
Within the sensing window, some transmissions from other RATs, such as WiFi, can take place. A SL UE may not be able to decode the transmission or measure a corresponding RSRP. On the other hand, even if UE performs energy detection along with the sidelink sensing to capture the transmissions from other RATs, due to short time duration of LBT and immediate channel access after LBT, as well as the unknown COT from other RATs, energy detection of other RAT’s signal will not be helpful for SL resource allocation. 
Moreover, given a large resource selection window for PSSCH reservation, the channel can be again occupied with the transmissions from other RATs. 
[bookmark: _Hlk101795731]Therefore, with the SL resource allocation mechanism, prior to a PSSCH transmission, a LBT procedure must be initiated if the gap between two transmissions is larger than 16ms. If the transmission gap between two transmissions in a COT is larger than 25ms, Type 1 LBT based CCA is again required, which may introduce delay if the LBT based CCA cannot be completed before the scheduled PSSCH transmissions. 
For sidelink in unlicensed spectrum, the design should support the following transmissions with different LBT types for efficient SL transmissions based on existing SL resource allocation.
· Transmissions may not require a LBT procedure: 
· A short control signaling transmission (with a short duration as specified by 3GPP NR-U and ETSI BRAN specs) (Type 2C LBT)
· A transmission that immediately follows another transmission within COT
· Transmissions may require LBT procedure:
· A transmission that requires to initiate a COT (Type 1 LBT)
· A transmission with a gap with respect to previous transmission (Type 2 A, Type 2B LBT)
Proposal 1: Study and support efficient transmissions for different LBT types based on existing SL resource allocation in sidelink unlicensed access.
Since the LBT procedure may be required before a transmission takes place, if LBT fails, resource reselection may be triggered if the reserved resource is within the exponential backoff period. Resource reselection due to LBT failure may be deemed as a SL re-evaluation process with the resources during exponential back off period considered as occupied resources (by other RATs). Resource reselection may exclude these resources. Alternatively, the resource selection window in such a re-evaluation process may be updated considering the backoff period and additional LBT procedure.
Proposal 2: Specify the sidelink re-evaluation process for sidelink unlicensed access to deal with LBT failure.
PSSCH
PSSCH on Guard Symbol
A slot with 3 PSCCH symbols and 12 PSSCH symbols is illustrated in Figure 1. The last symbol as a guard symbol is used to avoid overlapping slots due to different timing for reception of signals from a close-by UE and from a far-away UE. 


[bookmark: _Ref528072372]Figure 1 An exemplary slot with 3 PSCCH and 12 PSSCH symbols
As shown in Table 1, the total duration of the guard symbol decreases for larger SCSs, i.e., total {71.36, 35.68, 17.84, 8.92} ms corresponding to SCS values of {15, 30, 60, 120} kHz. Different guard symbol duration will impact the LBT based channel access procedures. For SCS =120kHz, if a UE schedules a two more transmissions on the consecutive physical slots within a COT, since the guard symbol duration is 8.92 ms, which is less than 16ms, no LBT is needed before the next transmission. For SCS =60kHz, the guard symbol duration is 17.84 ms, UE can perform a Type 2A LBT before the next transmissions. However, for SCS=15 and 30kHz, the guard symbol duration is larger than 25ms. Type 1 LBT is required which may incur a further delay due to longer sensing time even if there are potentially no other transmissions. For efficient SL transmission in unlicensed spectrum, when UE schedules two or more transmissions on the consecutive physical slots within a COT, UE may transmit PSSCH (for instance repeat the last PSSCH symbol) on the guard symbol so that LBT is not needed for the subsequent transmissions. The transmission on the guard symbol may be limited to carriers with SCS=15kHz and 30Hz.
Proposal 3: For transmissions on consecutive physical slots within a COT in shared spectrum, UE may transmit PSSCH on guard symbol.
· The transmission on guard symbol may be limited to the carriers with SCS=15kHz and 30kHz.

Flexible PSSCH Starting Symbol 
As described in Section 2.2.1, Type 1 LBT duration may range from tens of microseconds to few hundreds of microseconds due to different CAPC based settings of , and . Such variation on LBT timing may result in LBT ending on any OFDM symbol in a slot. If a timing gap between LBT end point and the next transmission symbol or slot is greater than 25 ms, the UE may not transmit before another Type 1 LBT even the current one is successful. 


[bookmark: _Ref101793642]Figure 2 LBT ending and necessity of flexible PSSCH starting symbol for LBT

Currently, the PSSCH can be sent in 5 to 12 consecutive OFDM symbols. However, as shown in Figure 2, Type 1 LBT may end after 8 symbols in a slot, which cannot accommodate the minimum PSSCH transmissions. The transmission is then deferred to at least the next slot after next Type 1 LBT. Therefore, to reduce the defer time and the transmission delay, it is desirable to have a flexible PSSCH starting symbol.
In NR-U, a flexible PDSCH duration of 2 to 13 symbols is already supported for PDSCH transmission in unlicensed spectrum. For sidelink unlicensed access, we also need to support a flexible PSSCH starting symbol and the range of flexible PSSCH duration can be studied.
If a flexible PSSCH duration is supported, the corresponding DMRS positions for the new PSSCH mapping should also be specified.
Proposal 4: Support flexible PSSCH duration and study the range of flexible PSSCH duration to be supported.
Proposal 5: Specify the DMRS positions for new PSSCH mapping if more PSSCH durations are supported.

PSFCH 
As shown in Figure 3, in sidelink, HARQ-ACK is transmitted in the second to last OFDM symbol in the PSFCH slot, i.e., PSFCH symbol, with one repetition in the previous symbol for AGC setting. Before the two PSFCH symbols, there is a guard symbol for a UE switching from PSSCH transmission to the PSFCH reception. 



[bookmark: _Ref101795030]Figure 3 PSFCH location in a PSFCH slot 

[bookmark: _Hlk101962537]Due to such a specific design, the PSFCH transmission may have an issue in unlicensed spectrum. As shown in Table 1, the duration of the guard symbol may be too short for a Type 1 LBT process.  This becomes more critical for a larger SCS where the symbol duration is shorter. The delayed or the loss of PSFCH transmission will degrade SL system performance, reliability, and throughput. One potential solution is to treat the PSFCH transmission as a short control signal transmission. Then no LBT is needed. Since the PSFCH transmission has only two symbols, the duration is at most 143ms for SCS=15kHz. The condition of transmission duration limit 584μs for Type 2C LBT is satisfied. To satisfy the duration limit 584μs, one additional restriction may be imposed on large SCS with guard symbol duration less than 25μs, where the UE cannot transmit PSSCH on the PSFCH slot where the transmission PSFCH is expected.
Proposal 6: Support the PSFCH transmission as a short control signal transmission with no need of LBT.

[bookmark: _Ref71627713][bookmark: _Ref61360133]S-SSB Transmissions
The periodicity of S-SSB with SL synchronization signals is fixed to be 160ms. The number of S-SSB transmissions in each period is (pre-)configured. In Rel-16, the following number of S-SSB transmissions in one 160ms period for (pre-)configuration has been specified, which is SCS dependent and frequency band dependent.
· For FR1:
· For 15kHz SCS, {1}
· For 30kHz SCS, {1, 2}
· For 60kHz SCS, {1, 2, 4}
· For FR2:
· For 60kHz SCS, {1, 2, 4, 8, 16, 32}
· For 120kHz SCS, {1, 2, 4, 8, 16, 32, 64}
In additional to the number of transmissions within the 160ms period, the transmissions of S-SSBs are based on two settings, i.e., the offset slot for the first S-SSB and the slot interval between two consecutive S-SSBs, which can be (pre-)configured. Other than these settings, the number of periods of S-SSB transmissions can be configured.
We can see that for 15kHz SCS, there is only one S-SSB transmissions within the 160ms  period. In unlicensed spectrum, if LBT fails right before the transmission of S-SSB, the UE has to wait for the next 160ms period to transmit the S-SSB, which may be occupied again by another RAT. To reduce the delay of S-SSB transmissions, one possible solution is to configure the S-SSB transmissions with addition slot offset(s). If UE cannot transmit on one location due to LBT failure, the UE may perform Type 1 LBT again before the next S-SSB occasion within the 160ms period. The number of S-SSB transmissions can still be fixed with the configured value before. Therefore, additional offset does not change the configured density of S-SSB transmissions. 
Alternatively, more S-SSB transmissions can be supported for sidelink unlicensed access. For example, support 2, 4, and 8 S-SSB transmissions within a 160ms period for 15kHz, 30kHz, and 60kHz SCS, respectively, in FR1.
Proposal 7: Support additional offset values and/or additional transmissions for S-SSB transmissions within the 160ms period.

LBT Bandwidth and Resource Pool Access
In NR for a carrier with bandwidth larger than 20 MHz, multiple BWPs can be configured. In NR-U, an LBT bandwidth is specified at 20MHz. Within a carrier bandwidth, there can be multiple LBT subbands. In NR-U, UE can access the channel for UL transmissions only if Type 1 LBT is successful on its all configured LBT subbands for the scheduled PUSCH. 
In sidelink, a UE performs resource allocation in a resource pool configured within a BWP.   Since in NR-U, the LBT bandwidth is fixed at 20MHz, aligned with WiFi, for consistency, the LBT bandwidth in SL unlicensed access should align with that in NR-U instead of resource pool bandwidth.
In addition, a UE may be configured with multiple transmit and receive resource pools.  If UE is configured with multiple resource pools, the resource allocation in each pool is independent with the other. No cross-pool scheduling is supported. Therefore, if two resource pools configured for a UE are on different BWPs, the UE’s SL transmission in unlicensed spectrum is based on only the LBT on the subbands where the resource pool is configured. 
Proposal 8: LBT bandwidth should be aligned with NR-U LBT bandwidth.
Proposal 9: For resource pools configured for a UE on different LBT subbands, UE can transmit on the resource pool where LBT is successful on the corresponding subband of the resource pool. 


Conclusion
The remaining details for inter-UE coordination were discussed. We propose the following:
Proposal 1: Study and support efficient transmissions for different LBT types based on existing SL resource allocation in sidelink unlicensed access.
Proposal 2: Specify the sidelink re-evaluation process for sidelink unlicensed access to deal with LBT failure.
Proposal 3: For transmissions on consecutive physical slots within a COT in shared spectrum, UE may transmit PSSCH on guard symbol.
· The transmission on guard symbol may be limited to the carriers with SCS=15kHz and 30kHz.
Proposal 4: Support flexible PSSCH duration and study the range of flexible PSSCH duration to be supported.
Proposal 5: Specify the DMRS positions for new PSSCH mapping if more PSSCH durations are supported.
Proposal 6: Support the PSFCH transmission as a short control signal transmission with no need of LBT.
Proposal 7: Support additional offset values and/or additional transmissions for S-SSB transmissions within the 160ms period.
Proposal 8: LBT bandwidth should be aligned with NR-U LBT bandwidth.
Proposal 9: For resource pools configured for a UE on different LBT subbands, UE can transmit on the resource pool where LBT is successful on the corresponding subband of the resource pool.
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