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Introduction
A work item on NR sidelink enchantment was approved [1]. One of objectives of this work item is the support of sidelink on unlicensed spectrum. One important aspect is the channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation. This document provides our view on sidelink channel access on unlicensed spectrum.
Discussion
Background
NR-U
The existing NR-U channel access framework shall be reused for sidelink as much as possible. In NR-U, LBT (Listen Before Talk) are defined to check whether channel is busy or idle before a transmission as shown in Table 1. For determining a COT (Channel Occupancy Time), if a transmission gap is less than or equal to 25 us, the gap duration is counted in the COT. A COT can be shared for transmission between an gNB and the corresponding UE(s) [2].
[bookmark: _Ref101860708]Table 1 Channel access procedures
	
	Sensing interval
	Applicable gap duration
	

	Type 1
(cat 4 LBT)
	Based on counter N depending on priority class (TS 37.213)
	
	Start of gNB initiated COT
Start of UE initiated COT (configured grant, SRS, PUCCH, RACH)

	Type 2A
(cat 2 LBT)
	25  us
	-
	Discovery burst (SS/PSBH block)

	
	
	25 us
	Inside COT

	Type 2B
(cat 2 LBT)
	16 us
	16 us
	Inside COT

	Type 2C
(cat 1 LBT)
	Without channel sensing
	< 16 us
	Inside COT



NR Sidelink slot format
NR sidelink slot format is shown in Figure 1. PSCCH is transmitted in the same slot as the associated PSSCH. PSCCH and PSSCH start from a second symbol that is available for sidelink transmission in a slot. First symbol that is available for sidelink transmission in a slot is copy of second symbol for AGC (Auto gain control). PSFCH is transmitted in second symbol counted from the end of the sidelink slot when PSFCH is configured in the sidelink slot. Before PSFCH, copy of PSFCH is transmitted for AGC. The length of PSSCH is (pre-)configured by sl-LengthSymbols. PSSCH is not transmitted in symbols are configured for use by PSFCH if PSFCH is configured in the sidelink slot. The one symbol for guard period is located on the last symbol in the sidelink slot and also between PSSCH and PSFCH to switch TX and Rx.
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[bookmark: _Ref101866070]Figure 1 Sidelink slot format
COT sharing 
In FLS [4], following was captured in the contribution summary for COT sharing.
	· Questions that should be addressed
· Under which condition(s) or scenario(s) that allow a sidelink RX UE to take the role of a responding device and make use of a shared COT from a sidelink TX UE (which is a COT initiating UE), e.g.,
· The RX UE is a target/intended receiver UE of the TX UE
· The RX UE performs
1. SL unicast transmission towards the TX UE
2. SL groupcast transmission where the TX UE is a group member
3. SL broadcast transmission where the TX UE is part of the SL broadcast
4. SL unicast transmission towards another UE
5. SL groupcast transmission where the TX UE is not a group member
· How to handle receiving multiple COT sharing information



When a COT sharing is used, we think a COT sharing should be allowed for any SL UEs, any cast types and PSCCH/PSSCH/PSFCH in a resource pool to improve resource utilization ratio. To share a COT, SCI indicates remaining possible COT duration in each slot as shown in Figure 2. When UE detects SCI in N-1 slot and remaining COT duration >1, Type 2 channel access and CP extension are used for slot N within the COT. When UE doesn’t detect SCI in N-1 slot, Type 1 channel access is used, and UE initiate new COT. The actual COT duration is not equal to the remaining COT duration indicated in SCI when a UE initiates COT.
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[bookmark: _Ref110934906] Figure 2 COT sharing
For Type 1 channel access in NR-U, there are 4 channel access Priority Class (p) are shown in Table 4.1.1-1 for DL and Table 4.2.1-1 for UL [2]. Depending on SCS, priority class and random backoff values, the sensing durations is variable. In 60 kHz SCS, one symbol is shorter than smallest sensing duration of 25 us. In 15 kHz and 30 kHz SCS, depending on the priority value p and random value Ninit, one symbol is shorter than sensing duration. In this case, one symbol guard period is not enough for sensing duration.
	Table 4.1.1-1: Channel Access Priority Class (CAPC)
	Channel Access Priority Class ()
	
	
	
	
	allowed sizes

	1
	1
	3
	7
	2 ms
	{3,7}

	2
	1
	7
	15
	3 ms
	{7,15}

	3
	3
	15
	63
	8 or 10 ms
	{15,31,63}

	4
	7
	15
	1023
	8 or 10 ms
	{15,31,63,127,255,511,1023}



Table 4.2.1-1: 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 . 






In sidelink resource allocation Mode 1, gNB could indicate Type1 or Type 2 channel access, priority class(p) and remaining COT duration. When UE doesn’t detect SCI on slot N-1, even if UE indicated Type 2 channel access from gNB, UE could use Type 1 channel access to initiate COT in slot N since COT is not continued from N-1. When UE initiates a COT in slot N, the value of remaining COT duration in the SCI is the value indicated by gNB. If there is not enough sensing duration to transmit slot N with Type 1 channel access, UE doesn’t initiate a COT in slot N.
[bookmark: _Hlk110952864]In sidelink resource allocation Mode 2, UE could reserve the resources with current resource allocation by SCI. When UE decides PSCCH/PSSCH transmission in slot N, UE prepares sensing for Type 1 channel access for slot N and decide the COT duration based on priority class(p). When UE detects a SCI on slot N-1 and remaining COT duration >1, UE uses shared the COT with Type 2 channel access. Otherwise, UE initiates a COT with Type 1 channel access.
Proopsal 1: For both sidelink resource allocation Mode 1 and Mode2, SCI indicates possible remaining COT duration in each slot. When UE detects the SCI in N-1 slot and remaining COT duration >1, Type 2 channel access and CP extension are used for slot N within the COT for a COT sharing.
Proopsal 2: In sidelink resource allocation Mode 1, gNB indicates Type1 or Type 2 channel access, priority class(p) and remaining COT duration. When UE doesn’t detect SCI on slot N-1, even if UE indicated Type 2 channel access from gNB, UE use Type 1 channel access to initiate COT in slot N.
Proopsal 3: In sidelink resource allocation Mode 2, UE can reserve the resources with current resource allocation by SCI. When UE selects slot N for PSCCH/PSSCH transmission, UE prepares sensing for Type 1 channel access of slot N and decides the COT duration based on priority class(p). When UE detect a SCI on slot N-1 and remaining COT duration >1, UE use shared COT with Type 2 channel access. Otherwise, UE initiate a COT with Type 1 channel access.

CP extension
The guard period on last symbol 66.67 us in 15 kHz SCS and 33.33 us in 30 kHz SCS is longer than 25 us for sensing duration of Type 2 channel access. Therefore, the COT cannot be continued between slots. If multiple sidelink slots share a COT with Type 2A/2B/2C channel access procedure, the guard period should be shortened. For 60 kHz SCS, the symbol length is 16.67 us. When Type 2B and 2C channel access is used, the guard period should be shortened. Therefore, for a COT sharing, CP extension is necessary. To determine CP extension length, which of Type 2A, Type 2B or Type 2C channel access procedure is used should be notified in advance. 
[bookmark: _Hlk110953845]For sidelink resource allocation Mode 1 configured grant, NR-U behaviour can be reused. In NR-U, CP extenuation length is configured. If all RBs in an RB set are allocated, UE randomly determines a duration from set of configured value. (cg-StartingFullBW-InsideCOT-r16, cg-StartingFullBW-OutsideCOT-r16 inNR-U). If partial RBs in an RB set are allocated, configured value (cg-StartingPartialBW-InsideCOT-r16, cg-StartingPartialBW-OutsideCOT-r16 in NR-U) is used.
For sidelink resource allocation Mode 1 dynamic grant, gNB indicates Type of channel access (Type 1, Type 2A, Type 2B, Type 2C) and CP length for Type 2 is indicated. For Type 1 channel access, CP extension is not necessary.
For sidelink resource allocation Mode 2, CP length for Type 2 channel access is (pre-)configured for Type 2A, 2B, 2C in a resource pool as shown in Figure 3. For a resource pool one of Type 2A, 2B or 2C channel access could be (pre-)configured and UE in resource pool can use one of those for Type 2 channel access. For Type 1 channel access, CP extension is not necessary.
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[bookmark: _Ref101951432]Figure 3　CP extension
Proposal 4: For sidelink resource allocation Mode 1 configured grant, NR-U behaviour of CP extension is baseline.
Proposal 5: For sidelink resource allocation Mode 1 dynamic grant, gNB indicates Type of channel access (Type 1, Type 2A, Type 2B, Type 2C) and CP length for Type 2 is indicated. For Type 1 channel access, CP extension is not necessary.
Proposal 6: For sidelink resource allocation Mode 2, for a resource pool, one of Type 2A, 2B or 2C is (pre-)configured and CP length is (pre-)configured.

Multi-channel
In [3], it was discussed whether the downlink (Type A and Type B) and uplink multi-channel access mechanisms from NR-U should be supported and how they are applied in SL mode 1 and mode 2 operation. 
In NR-U, UL multi-channel transmission(s) is allowed, and UE transmits the PUSCH only if channel access is successful at UE in all RB sets of the scheduled PUSCH as follows.
	38.214 section 6.1.2.2.3
-	the UE may not transmit on channel  within the bandwidth of a carrier, if the UE fails to access any of the channels, of the carrier bandwidth, on which the UE is scheduled or configured with UL resources.
-	the UE may not transmit on a channel within the bandwidth of a carrier if the UE is configured without intra-cell guard band(s) on an UL bandwidth part as described in clause 7 of [8], and	the UE fails to access any of the channels of the UL bandwidth part.



We propose to use same procedure as uplink multi-channel access for SL-U regarding multi-channel transmission. UE can transmit PSSCH if channel access is successful at UE in all RB sets. 
Proposal 7: UE can transmit PSSCH in multi- channel if channel access is successful at UE in all RB sets.

PSFCH
For PSFCH, multiple UEs transmit PSFCH on the same symbol, then timing of channel access procedure should be aligned for multiple UEs. In uplink of NR-U, before PUCCH transmission, gNB can control PUCCH location within the COT. However, in sidelink, one UE doesn’t control all transmission in sidelink resource allocation Mode 2. The PSFCH in sidelink is not the feedback of related PSSCH in the same slot. The timing location of PSFCH is not controlled by the UE who obtains a COT in sidelink resource allocation Mode 2. We propose PSFCH timing is same as Rel.16 manner and dynamic PSFCH location indicated by SCI is not supported. PSFCH location is different COT from related PSSCH should be allowed [4].
When a UE uses Type 1 channel access procedures for PUCCH transmissions in UL, the UE shall use UL channel access priority class  . Similarly, PSFCH in sidelink can be also priority class . We see two options for channel access for PSFCH as follows.
Option 1) Only Type 1 channel access procedure is used. 
For PSFCH with , in 15kHz SCS, one symbol is enough for sensing duration. When p=0 and no collision was detected in previous transmission, the sensing duration is randomly selected from 34,43,52 or 61 us as calculated from 16+9*+9*Ninit in CAPC in UL.  Ninit is a random number uniformly distributed between 0 and  . Then the existing guard period can be used for the sensing duration. For 30 kHz and 60 kHz SCS, PSSCH length should be reduced in slot with PSFCH location to have sensing duration of 61 us.
Option 2) Type 1 and Type 2 channel access procedure is used. 
For Type 2 channel access procedure, UE should detect SCI in the slot with PSFCH. Either of longer PSSCH length or CP extension of PSFCH is needed to align with Type 2 sensing duration. When UE need to switch Tx and Rx, the shorten guard duration might be not enough. When UE doesn’t detect a SCI in the slot with PSFCH, UE should use Type 1 channel access procedure.
For 15 kHz SCS, there is no issue with Type 1 channel access procedure. However, for 30 kHz and 60 kHz SCS, the PSSCH length should be reduced. To improve resource utilization ratio, option 2 is preferable. 
Proposal 8: For PSFCH, channel access priority class is .
Proposal 9: When UE detects SCI in the slot with PSFCH, UE use Type 2 channel access. Either of longer PSSCH length or CP extension of PSFCH is used to align with Type 2 sensing duration. When UE doesn’t detect SCI in the slot with PSFCH, UE use Type 1 channel access procedure.

SSB
In NR-U, Type 2A channel access procedures used for discovery burst as “Transmission(s) initiated by a gNB with only discovery burst or with discovery burst multiplexed with non-unicast information, where the transmission(s) duration is at most , and the discovery burst duty cycle is at most” [2]. As similar as discovery burst in sidelink, Type 2A can be used for S-SS/PSBCH.
Proposal 10: Type 2A channel access procedure is used for S-SS/PSBCH block.

Conclusion
This document provided our view on sidelink channel access on unlicensed spectrum. Based on the discussions, we have following proposals.
Proopsal 1: For both sidelink resource allocation Mode 1 and Mode2, SCI indicates possible remaining COT duration in each slot. When UE detects the SCI in N-1 slot and remaining COT duration >1, Type 2 channel access and CP extension are used for slot N within the COT for a COT sharing.
Proopsal 2: In sidelink resource allocation Mode 1, gNB indicates Type1 or Type 2 channel access, priority class(p) and remaining COT duration. When UE doesn’t detect SCI on slot N-1, even if UE indicated Type 2 channel access from gNB, UE use Type 1 channel access to initiate COT in slot N.
Proopsal 3: In sidelink resource allocation Mode 2, UE can reserve the resources with current resource allocation by SCI. When UE selects slot N for PSCCH/PSSCH transmission, UE prepares sensing for Type 1 channel access of slot N and decides the COT duration based on priority class(p). When UE detect a SCI on slot N-1 and remaining COT duration >1, UE use shared COT with Type 2 channel access. Otherwise, UE initiate a COT with Type 1 channel access.
Proposal 4: For sidelink resource allocation Mode 1 configured grant, NR-U behaviour of CP extension is baseline.
Proposal 5: For sidelink resource allocation Mode 1 dynamic grant, gNB indicates Type of channel access (Type 1, Type 2A, Type 2B, Type 2C) and CP length for Type 2 is indicated. For Type 1 channel access, CP extension is not necessary.
Proposal 6: For sidelink resource allocation Mode 2, for a resource pool, one of Type 2A, 2B or 2C is (pre-)configured and CP length is (pre-)configured.
Proposal 7: UE can transmit PSSCH in multi- channel if channel access is successful at UE in all RB sets.
Proposal 8: For PSFCH, channel access priority class is .
Proposal 9: When UE detects SCI in the slot with PSFCH, UE use Type 2 channel access. Either of longer PSSCH length or CP extension of PSFCH is used to align with Type 2 sensing duration. When UE doesn’t detect SCI in the slot with PSFCH, UE use Type 1 channel access procedure.
Proposal 10: Type 2A channel access procedure is used for S-SS/PSBCH block.
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