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Introduction

In RAN#94e meeting, a new WID had been approved. And in RAN#95e meeting, this WID had been revised as the following:[1]
	Objective of SI or Core part WI or Testing part WI

To check in RAN#97 for objectives 1 and 3, taking into account the progress on objectives 2 and 4, aiming to have specification work for both objective 1 and 3.

Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4] (This part of the work is put on hold until further checking in RAN#97)

Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)

The work is limited to FR1 licensed spectrum and ITS band in FR1.

No specific enhancements of Rel-17 sidelink features with sidelink CA support.

This feature is backwards compatible in the following regards

A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)

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

The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


In RAN1#109e meeting, the following agreements were made: [2]

	Agreement
Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.

FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)

FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 

FFS how the channel access priority classes apply to each SL channel and signal

FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.

Agreement
UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).

FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)

FFS all other details in compliance with the regulatory requirements
CP extension (CPE) is supported for NR sidelink operation in a shared channel.

FFS all remaining details including applicable scenarios, usage, PHY structure, etc.

Agreement
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)

FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation
Agreement
The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.

FFS whether/how mode 1 resource allocation selection procedure needs to be updated / enhanced due to shared spectrum channel access
The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.

FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
FFS whether/how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects

channel access, resource allocation and PHY channel design

FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access

RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2


In this contribution, we focus on the channel access mechanism for sidelink in unlicensed spectrum, including channel bandwidth, LBT bandwidth, EDT determination, LBT category, CP extension, COT sharing, long term sensing and FBE operation.
Discussion
Channel bandwidth and LBT bandwidth
In NR system, band n46/n96/n102 are unlicensed bands for shared spectrum channel access. In these bands, the UE channel bandwidth is a multiple of 20 MHz and can be up to 80MHz, as shown in Table 1. Meanwhile, band n38/n47 are used for V2X sidelink service. In these bands, the UE channel bandwidth is a multiple of 10 MHz and can be up to 40MHz, as shown in Table 1. Considering that there are more available frequency domain resources on band n46/n96/n102 than on band n38/n47, channel bandwidth of 60MHz/80MHz can be supported in sidelink unlicensed access system. In order to maximize the reuse of V2X hardware in unlicensed band, the channel bandwidth of 10/30MHz should be supported. Thus, channel bandwidth for  sidelink unlicensed access system can be {10, 20, 30, 40, 60, 80}MHz. 
Table 1 Channel bandwidths for each NR band
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	NOTE 5:
For this bandwidth, the minimum requirements are restricted to operation when carrier is configured as an SCell part of DC or CA configuration.

NOTE 10:
These UE channel bandwidths are applicable to sidelink operation


Observation 1: Channel bandwidth for sidelink unlicensed access system can be {10, 20, 30, 40, 60, 80}MHz. 
For sub-7GHz unlicensed spectrum, such as band n46/n96/n102, NR-U/LAA or 802.11 ac/ax systems currently support 20MHz LBT bandwidth. In order to fairly co-existence with existing systems, a same LBT bandwidth of 20MHz should be considered as the minimum LBT bandwidth for sidelink unlicensed access system.

Proposal 1: LBT bandwidth for sidelink unlicensed access system can be an integer multiple of 20 MHz.
EDT determination

Energy detection is the only criterion to determine whether the channel is busy or not, so the setting of the energy detection threshold (EDT) will greatly affect the probability of successful channel access. In NR-U/LAA, the setting of the threshold value depends on several parameters, such as channel bandwidth, transmit power, etc.. Another factor is whether carrier frequencies are shared with other wireless access technologies (e.g., WiFi) for long-term, or whether the network deployment can guarantee that the carrier frequency are only used by NR. When NR coexists with other wireless access technologies on the same carrier frequency, the maximum threshold for a carrier with a 20 MHz bandwidth is -72 dBm. When NR is the only technology using carrier frequency, for a carrier with 20 MHz bandwidth, the threshold is set to -62 dBm unless a lower threshold is required by the regulatory requirements. For uplink transmissions of NR-U/LAA, RRC signaling can also be used to configure thresholds to meet regulatory requirements. 

For sidelink unlicensed access system, the transmitting power and operating bandwidth of both transmitting and receiving UE are similar to the UE of NR system. Therefore, the EDT determination method for NR-U/LAA uplink can be used as a starting point for the study of EDT determination method for sidelink unlicensed access system.
Proposal 2:  The EDT determination method for NR-U/LAA uplink can be used as a starting point for the study of EDT determination method for sidelink unlicensed access system.
Channel access procedures
Multiple nodes (eNB/gNB/UE/WiFi AP) using different radio access technologies need to coexist on unlicensed spectrum. And the coordination of resource scheduling among these nodes is not possible. To share the unlicensed spectrum fairly with LAA/WiFi, new channel access mechanisms are introduced in NR-U to assist in resource scheduling. Two channel access procedures are defined in NR-U specification: dynamic channel access procedure and semi-static channel access procedure.

The key technology for the dynamic channel access procedure is listen-before-talk (LBT), in which the transmitter needs to evaluate the channel availability prior to transmission and uses random back-off time in case of conflict. Two types of dynamic channel access procedure are defined in the NR specification: Type 1 DL/UL channel access procedure and Type 2 DL/UL channel access procedure. The former is used to start DL or UL transmission at the beginning of the COT, while the later is used for COT sharing and DRS transmission. According to the duration of the transmission gap in the COT, Type 2 channel access procedures has three sub-types: 

Type 2A, used when the transmission gap in the COT is 25us or greater (FBE), or for DRS transmission;
Type 2B, used when the transmission gap in the COT is 16us;
Type 2C, used when the transmission gap in the COT is up to 16us;
As analyzed above, in order to fairly co-exist with NR-U/LAA/WiFi system, channel access procedure should be introduced for the sidelink unlicensed access system. It is beneficial to use the channel access procedure defined in NR-U as a starting point for the study of channel access procedures in sidelink unlicensed access system. This is because it saves the workload of standardization. 

It had been agreed at the last meeting that Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel. A typical application scenario for Type 1 channel access procedure is to initiate a sidelink transmission at the beginning of the COT. Similarly, for Type 2 (2A/2B/2C) channel access procedure, the typical application scenario is applied to sidelink transmission within the COT.
Proposal 3: Type 1 channel access procedure is used to initiate a sidelink transmission at the beginning of the COT, while Type 2 (2A/2B/2C) channel access procedure is applied to sidelink transmission within the COT. 
In NR-U, a random fallback mechanism is introduced to avoid conflicts between multiple nodes (eNB/gNB/UE/WiFi AP). The random fallback mechanism defines four different channel access priority classes, each with a separate contention window and different maximum and minimum sizes of the contention window. The purpose of defining different channel access priority classes is that high priority services can use smaller contention window size to access the channel faster, while low priority services use larger contention window size, thus increasing the possibility of transmitting high priority data before low priority data. The channel access priority classes are configured per logical channel. Similarly, different defer durations are used for different channel access priority classes, allowing higher channel access priority services to sense the channel in less time and to capture the channel faster than lower channel access priority services. In addition, in NR-U, the channel access priority of the downlink transmission is different from that of the uplink transmission, which means that the downlink transmission has a shorter defer duration than the uplink transmission. Therefore, in high-load scenarios, downlink transmission has a slightly higher probability of occurring than uplink transmission. In other words,  a gNB serving multiple UEs has a slightly higher probability of winning channel competition compared to a UE serving only one gNB for uplink transmission. In case of sidelink, different services have different delay budgets and reliability requirements. Therefore, both DL CAPC and UL CAPC can be used to accommodate different services
Proposal 4: Both DL CAPC and UL CAPC should be used as the baseline. 
Slot format and CP extension 
Considering that the gNB does not operate on unlicensed spectrum, it is not necessary to use the first and/or last symbols of a slot for uplink or downlink control signaling. Thus, it can be assumed that all symbols in a slot can be used for sidelink communication. Two typical sidelink slot formats are illustrated in Figure 1 [3] and Figure 2 [3]. 
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Figure 1 slot format of 2-symbol PSCCH, 2-symbol PSSCH-DMRS, and no PSFCH
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Figure 2 slot format of 3-symbol PSCCH, 3-symbol PSSCH-DMRS, and PSFCH
Proposal 5: All symbols in a slot can be used for sidelink communication in sidelink unlicensed access system.

It can be found that in a sidelink slot, there is a guard symbol at the end of the PSSCH channel or PSFCH channel. This symbol is important for sidelink transmission because it can mitigate inter-symbol interference or resist Tx/Rx switching gaps. However, the presence of guard symbol leads to gaps between successive sidelink transmissions. And for 15kHz/30kHz SCS, the guard symbol can be 70.3us/35.2us  respectively, which is greater than 25us. In unlicensed spectrum, when the gap is greater than 25us,  the next transmission will need to use a Type 1 channel access procedure, which increases the probability of losing the channel. In order to use the Type 2 channel access procedure, it is necessary to ensure that the gap between two consecutive transmissions is small enough, even less than the duration of a symbol. This can be solved by CP extension that makes the transmission start earlier than the symbol boundary.

CP extension is not only suitable for COT sharing, but also beneficial to guarantee continuous transmission in SL-U. This is because CP extension can reduce the gap between two consecutive transmissions. In addition, CP extension can also be applied to configure grant sidelink transmission to avoid collision.

Proposal 6: CP extension should be applied at least before the first symbol of PSFCH transmission within a COT.

Proposal 7: CP extension should be applied before the first symbol of a transmission to guarantee continuous transmission.
COT sharing
When the transmitter acquires the COT through a Type 1 channel access procedure, multiple transmissions between different nodes are allowed, each one immediately following the other, in which case the Type 1 channel access procedure is not required for all transmissions except for the initial transmission. This is beneficial for channel occupancy because COT sharing reduces the possibility of channel loss. For sidelink operation, the Rx UE needs to transmit HARQ feedback via PSFCH. In this case, COT sharing is beneficial as it can help Rx UE to transmit HARQ feedback as soon as possible. 

However, in current NR-U specification, for UE initiated COT, only UL to DL sharing is allowed. And there are additional restrictions on this COT sharing, such as unicast downlink transmissions can only be sent to the UE that initiated the COT. This is because in WiFi system, COT sharing can only occur between the AP and the station. In addition, the topology of sidelink is more complex than that of gNB-UE link. If COT sharing is allowed between Tx UE and all other UEs, it will make the channel competition more intense. Hence, following the same design principle as for UE initiated COT sharing, COT sharing should be restricted to the Tx UE and its corresponding Rx UEs. 
Proposal 8: For Tx UE initiated COT, COT sharing between Tx UE and its corresponding Rx UE should be supported in sidelink unlicensed access system. 
Long term sensing
In NR-U, L3 RSSI measurement and channel occupancy reporting from UE have been introduced to reduce or mitigate the impact of interference e.g. from hidden nodes. L3 RSSI measurement is a indicator of the channel occupancy and it can reflect the interference status from neighbouring nodes. gNB can effectively allocate resources in unlicensed spectrum for the DL/UL transmission based on the channel occupancy reporting.
In sidelink operation, the resource pool is configured by gNB. Further, for resource allocation Mode 1, gNB schedules resources for sidelink transmission. However, in sidelink unlicensed access system, gNB does not operate on the unlicensed spectrum, so the gNB does not know the interference situation on the unlicensed spectrum. If the gNB lacks the information about the interference in the unlicensed spectrum, then the gNB can not effectively allocate resources in the resource pool for the sidelink transmission. Hence, L3 RSSI measurement and channel occupancy reporting from sidelink UE should be supported in sidelink unlicensed access system.
Proposal 9: L3 RSSI measurement and channel occupancy reporting from sidelink UE should be supported in sidelink unlicensed access system. 
FBE operation

FBE operation can be applied with the guarantee that the LBE nodes are absent on a long term basis (e.g., by level of regulation). Compared to LBE operation, FBE operation achieves lower channel access complexity because there is no need to perform random fallback. And if FBE nodes are synchronized, the network can achieve the following: Ability to use frequency reuse factor 1. Considering the benefits of lower channel access complexity and higher spectrum efficiency, FBE operation should be studied in sidelink unlicensed access system.
Proposal 10: FBE operation should be studied in sidelink unlicensed access system. 
Conclusion

In this contribution, we focus on the channel access mechanism for sidelink in unlicensed spectrum, including channel bandwidth, LBT bandwidth, EDT determination, LBT category, CP extension, COT sharing, long term sensing and FBE operation. Based on the discussion in section 2, we provide the following proposals:
Observation 1: Channel bandwidth for sidelink unlicensed access system can be {10, 20, 30, 40, 60, 80}MHz. 
Proposal 1: LBT bandwidth for sidelink unlicensed access system can be an integer multiple of 20 MHz.
Proposal 2:  The EDT determination method for NR-U/LAA uplink can be used as a starting point for the study of EDT determination method for sidelink unlicensed access system.
Proposal 3: Type 1 channel access procedure is used to initiate a sidelink transmission at the beginning of the COT, while Type 2 (2A/2B/2C) channel access procedure is applied to sidelink transmission within the COT. 
Proposal 4: Both DL CAPC and UL CAPC should be used as the baseline.
Proposal 5: All symbols in a slot can be used for sidelink communication in sidelink unlicensed access system.
Proposal 6: CP extension should be applied at least before PSFCH transmission within a COT.

Proposal 7: CP extension should be applied before the first symbol of a transmission to guarantee continuous transmission.
Proposal 8: For Tx UE initialed COT, COT sharing between Tx UE and its corresponding Rx UE should be supported in sidelink unlicensed access system.

Proposal 9 L3 RSSI measurement and channel occupancy reporting from sidelink UE should be supported in sidelink unlicensed access system.
Proposal 10: FBE operation should be studied in sidelink unlicensed access system.
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