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1. Introduction
In accordance to the approved WID for NR sidelink evolution (SL-evo) in Release 18 [1], the WI introduced specification support for a number of new features that are needed for enhanced support of NR based V2X deployment in the ITS spectrum and to expand the usage of NR sidelink technology to commercial applications.
Firstly, the introduction of carrier aggregation (including packet duplication) for NR sidelink communication in the ITS band (i.e., Band n47) is to primarily enhance the data rate and the reliability of NR sidelink transmissions for applications such as sensor information (video) sharing between vehicles with high degree of driving automation.
Secondly, with WI also introduced support for NR sidelink communication to operate over FR1 unlicensed spectrum (SL-U) in Band n46 and Band n96/n102, targeting commercial applications and enabling new carrier frequencies and larger bandwidths for higher data rates.
Thirdly, in order to provide enhanced support of LTE-based and NR-based V2X to operate using the same frequency channel in the 5.9GHz spectrum (Band n47) dedicated to ITS usage, LTE sidelink and NR sidelink co-channel coexistence feature is introduced in this WI to minimize interference and cross-RAT impacts.
2. Objective #1: NR sidelink carrier aggregation
Carrier aggregation (CA) in SL is supported for mode 2 and in V2X case only. It applies to both in coverage UEs and out of coverage UEs. Each resource pool (pre)configured for SL is associated to a single carrier. A UE using mode 2 resource allocation performs carrier (re)selection and may select one or more carriers used for SL. The Rel-16/17 SL resource (re)selection procedure is independently performed for each SL carrier.
The carrier(s) that can be used for transmitting data are provided by the V2X layer per QoS flow, and LCP ensures that data from a SLRB is transmitted on a carrier for which all mapped QoS flows are allowed to use the carrier. For groupcast and broadcast, when the V2X layer provides multiple carriers in QoS flow to carrier mapping information to the AS, TX profile is used to indicate whether the transmission corresponding to the QoS flow is backward compatible or not. When backward compatibility is needed, the TX UE uses only the legacy carrier without PDCP duplication, or uses PDCP duplication with at least the legacy carrier.
For groupcast and broadcast, carrier selection is performed at MAC layer, depending on the CBR of the configured carriers and logical channel priority. Carrier (re)selection may be performed when resource (re)selection is triggered, or when there is no SL grant for a SL process on any allowed carrier, and is triggered for each SL process. In order to avoid frequent switching across different carriers, the UE may keep using a carrier already selected for transmission, if the measured CBR on this carrier is lower than a (pre)configured threshold. For a UE using mode 2 resource allocation, logical channel prioritization is performed for a SL resource on a carrier depending on the CBR measured on the carrier and the logical channel priority. For unicast, SL CA related capability is exchanged between the TX UE and RX UE, and the TX UE delivers the carrier configuration to the RX UE in PC5-RRC. For unicast, carrier selection and logical channel prioritization is performed similar to groupcast and broadcast among the carriers delivered in the carrier configuration. SL CA for unicast is not applied until the carrier configuration signalling is complete. Carrier (re)selection may be performed and a new carrier configuration is sent to the RX UE when the TX UE detects carrier failure on a specific carrier. 
SL packet duplication is supported for SL CA and is performed at PDCP layer. For SL packet duplication for transmission, a PDCP PDU is duplicated at the PDCP entity. The duplicated PDCP PDUs of the same PDCP entity are submitted to two different RLC entities and associated to two different SL logical channels respectively. The duplicated PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different carriers. For a SL DRB, SL packet duplication is (pre)configured in the bearer configuration. For applicable SL SRBs, whether to use duplication is decided by the TX UE. In unicast, the TX UE sends the duplication configuration to the RX UE in PC5-RRC. There are specified logical channel identities which apply to the SL logical channel used for SL packet duplication exclusively.
Rel-16/17 PSFCH power control and PSFCH TX/TX prioritization rule are performed across carriers for all PSFCH transmissions over all the aggregated carriers at the same time. When PSFCH transmission(s) and PSFCH reception(s) are overlapping in time at the same UE over multiple carriers, 	Rel-16/17 PSFCH TX/RX prioritization rule is used for determining either PSFCH transmission(s) or PSFCH reception(s) over all the aggregated carriers.
In determining the power of multiple PSFCH transmissions for SL CA, the UE does not expect to be provided with a (pre)configuration that would result in different transmit power per PSFCH on different carriers. When UE performs multiple S-SSB transmissions over multiple carriers by following LTE SL CA synchronization procedure and if the total power of multiple S-SSB transmissions over multiple carriers exceeds PCMAX, it is up to UE implementation how to adjust the transmit power of each S-SSB transmission so that its total transmit power does not exceed PCMAX.
To avoid AGC problems caused by time resources of different lengths between different carriers, subcarrier spacing, CP length, SL starting symbol within a slot, and SL symbol length within a slot are (pre)configured to be the same among multiple carriers. Also, from a UE perspective, the time resources for PSFCH are aligned across aggregated carriers (e.g., by (pre)configuring that the period of PSFCH resources and the time resource of resource pool with PSFCH resources are the same across the aggregated carriers).
3. Objective #2: NR sidelink operation on unlicensed spectrum
To support NR sidelink operation in FR1 unlicensed spectrum bands (n46, n96 and n102), the principle and framework of channel access mechanisms adopted in Release 16 for NR-U are reused for a UE operating in sidelink resource allocation mode 1 and mode 2 to transmit SL signals and channels in one or more unlicensed spectrum channels (RB sets). The support of NR sidelink in unlicensed band in Rel-18 does not include gNB performing 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. Existing mode 2 resource allocation mechanisms for partial sensing, random resource selection and IUC, and SL-DRX operation are supported in SL-U. The supported UE power class for SL-U in bands n46, n96 and n102 is 20dBm (PC5).
SL-U channel access mechanisms
Several channel access procedures are supported for SL-U operation, including Type 1 LBT, Type 2 LBT and multi-channel access procedures. In Type 1 LBT, a UE initiates a channel occupancy based on the SL CAPC level () associated with the SL transmission(s), where  for PSFCH and S-SSB transmissions and  is determined by the associated SL TB for PSCCH/PSSCH transmission. The contention window size to be used in Type 1 LBT is maintained according to SL HARQ-ACK feedback within a reference duration and whether the SL transmission is associated with explicit HARQ-ACK feedback. 
In Type 2 channel access procedures, Type 2A, Type 2B and Type 2C LBTs are supported, and a UE can access the channel to perform a SL transmission within its own initiated or shared channel occupancy according to Type 2A, Type 2B or Type 2C LBT depending on a transmission gap.
· Type 2A LBT is applicable to a SL transmission when the gap to the previous SL transmission is at least . Type 2A is also supported for a UE transmitting only S-SSB without a channel occupancy, subject to a time duration and a duty cycle restriction.
· Type 2B LBT is applicable to a SL transmission when the gap to the previous SL transmission is .
· Type 2C LBT is applicable to a SL transmission when the gap to the previous SL transmission is up to  and the SL transmission is at most 584us.
UE-to-UE COT sharing from a channel occupancy initiating UE is supported in SL-U. When performing S-SSB transmission, a responding UE can utilize a COT shared by a COT initiating UE when the responding UE intends to transmit S-SSB in the shared COT. When performing PSFCH transmission, a responding UE can utilize a COT shared by a COT initiating UE when at least one of the responding UE’s PSFCH transmissions is intended for the COT initiating UE. When performing PSSCH/PSCCH transmission, a responding UE can utilize a COT shared by a COT initiating UE when the responding UE’s transmission is intended for the COT initiating UE based on source/destination ID and additional source/destination ID (if present) matching indicated in SCI. In order to satisfy COT sharing requirements, a responding UE may perform an enhanced LCP procedure by taking into account the CAPC value of corresponding LCH. When receiving multiple COT sharing indications from different COT initiators, it is up to UE implementation which shared COT is used.
In SL-U, a UE transmits a CPE from a CPE starting position before a PSCCH/PSSCH, PSFCH or S-SSB transmission. For PSCCH/PSSCH transmission in a slot, the CPE starting position within one or two symbols prior is determined based on L1 priority of the PSCCH/PSSCH if no a resource reservation is transmitted or detected for the slot; or based on a (pre-)configured default starting position otherwise. A single CPE starting position in the symbol prior to PSFCH and S-SSB transmission is always used.
Multi-channel access procedures are supported if a UE is scheduled to transmit or intends to transmit on configured or selected resources over multiple channels (RB sets) at the same time.
· Type A and Type B multi-channel access procedures are supported for PSFCH or S-SSB transmission over multiple channels (RB sets), where if the channel access procedures fail on part of the RB set(s) but succeed on other part of the RB set(s), the UE may transmit the SL transmission(s) on the part of the RB set(s) where the corresponding channel access was successful.
· An UL-based multi-channel access procedures is also supported in SL-U and it is applicable for PSCCH/PSSCH, S-SSB and PSFCH transmissions, where if the channel access procedures fail on any part of the RB sets, the UE shall not transmit the SL transmissions on all of the RB sets where the channel access procedures is performed. 
Enhanced resource selection schemes
For supporting a SL UE to transmit continuously within an initiated or shared channel occupancy, an enhanced resource selection feature for multiple consecutive slots transmission (MCSt) in SL resource allocation mode 2 is introduced in Release 18. In MCSt, resources in consecutive slots can be selected for transmitting one or more TBs.
In order to avoid blocking of Type 1 LBT among different SL UEs, a UE may prioritize and select a resource for PSCCH/PSSCH transmission before a reserved resource if the transmission is able to share its initiated COT to the reservation. Otherwise, a UE may avoid selection of N consecutive resources before and/or M consecutive resources after a reserved resource.
SL-U Physical channel design
To meet OCB/PSD requirement and to address LBT uncertainty on unlicensed spectrum, Rel-18 NR SL enhanced physical channels and procedures, which are elaborated in followings. 
Same as legacy NR SL, only one SL BWP is (pre-)configured within a carrier and it includes one or multiple SL resource pools. One SL resource pool can be (pre-)configured to include integer number of RB sets.
To address LBT failure, 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission is supported to provide UE more transmission opportunities. When a UE initiates a COT, for the 1st slot of a COT, the Tx UE chooses the earliest starting symbol for PSCCH/PSSCH transmission after clearing LBT. In the same slot, Tx UE can use the 2nd starting symbol only if LBT fails at the 1st starting symbol. 
SL-U PSCCH/PSSCH supports both interlaced RB-based (IRB) and contiguous RB-based (CRB) transmission structures, and sub-channel is used as the frequency domain resource allocation granularity for PSSCH transmission. In IRB structure, 1 sub-channel equals to 1 or 2 interlace(s) according to different sub-carrier spacing (15kHz/30kHz SCS). In CRB structure, the mapping of sub-channel starts from the first PRB of the resource pool and mapped sequentially within the resource pool according to the sub-channel size. 
To meet the OCB requirement, two PSFCH transmission schemes in RB-based interlace format are supported. In scheme 1, a PSFCH transmission occupies a common interlace and a (pre-)configurable number of dedicated PRBs. In scheme 2, a PSFCH transmission occupies a dedicated interlace, with PRB-level cyclic shift hopping. To address potential LBT failure for PSFCH transmissions, each PSCCH/PSSCH transmission has a (pre-)configurable number of candidate PSFCH occasion(s). The first candidate PSFCH occasion is determined as in Rel-16 sidelink, while other candidate PSFCH occasion(s) are sequentially allocated in the following slot(s) with PSFCH resources. A PSCCH/PSSCH receiver UE attempts to transmit PSFCH on a candidate PSFCH occasion only if it fails to transmit on previous PSFCH occasion(s), e.g., due to LBT failure, uplink/sidelink prioritization, etc.
To meet the OCB requirement, the SL-U S-SSB reuses the Rel-16 S-SSB and allows S-SSB repetition(s) in the frequency domain. Per RB-set, the center frequency of the 1st S-SSB is indicated by the absolute frequency, and the number of S-SSB repetitions and the gap RBs between S-SSB repetitions are (pre-)configured. To ensure robust S-SSB transmission, additional candidate S-SSB occasions following the legacy S-SSB occasion(s) can be (pre-)configured. No matter the LBT fails at legacy S-SSB occasion or not, a UE can retry S-SSB transmissions at later candidate S-SSB occasions.
4. Objective #4: LTE sidelink and NR sidelink co-channel coexistence
To support co-channel coexistence for LTE SL and NR SL, TDM-based semi-static resource pool partitioning based on Rel-16/17 specification is supported. In addition, dynamic resource pool sharing between LTE SL and NR SL is introduced. For devices which contain both LTE SL and NR SL modules, there is support for the NR SL module to make use of information obtained from the LTE SL module's mode 4 resource allocation procedure in the NR mode 2 resource allocation procedure, when the subcarrier spacing (SCS) of NR SL is 15 or 30 kHz. To be specific, for the dynamic resource pool sharing, NR SL module can use the information shared by the LTE SL module including the LTE SL reserved resources by other LTE SL UEs, the LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission, and the LTE SL resources associated with non-monitored subframe (in which the UE has not monitored due to its transmission) in LTE SL module in NR SL resource (re)selection procedure. NR SL module can exclude NR SL candidate resources overlapping with the LTE SL resources according to relative priority between LTE SL and NR SL, SL-RSRP, periodicity of LTE SL resources. Furthermore, to mitigate additional AGC issue due to overlapping with the LTE SL reserved resources and NR PSFCH, the NR SL module can further exclude NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain. To support 30kHz SCS for NR SL for the dynamic resource pool sharing, it is supported that NR SL module selects at least the first of NR SL slots overlapping with an LTE SL subframe, and can select the subsequent overlapping NR SL slot while the power level of the NR PSCCH/PSSCH transmission in the first of NR SL slots overlapping with an LTE SL subframe is always larger than or equal to the power level(s) of the NR PSCCH/PSSCH transmission in the subsequent NR SL slot overlapping with the LTE SL subframe.
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