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Introduction
The Release 18 NR sidelink evolution work item was approved in RAN #94e meeting [1] and updated in RAN #99 meeting [2].

There are two objectives in Release 18 NR sidelink in normative phase, which have been worked on in RAN1: sidelink on unlicensed spectrum and co-channel coexistence for LTE sidelink and NR sidelink. 

In this contribution, we discuss the UE features on NR sidelink evolution and give our proposals.
Discussion on NR Sidelink UE features
In Release 18 NR sidelink evolution, there are two objectives for normative phase which have already been discussed in RAN1: sidelink on unlicensed spectrum and co-channel coexistence for LTE sidelink and NR sidelink. The sidelink on unlicensed spectrum objective includes two major topics: channel access mechanism and physical channel design framework. 

For channel access mechanism for sidelink on unlicensed spectrum, it was agreed to support type 1 and type 2 CCA, multi-channel CCA, SL COT sharing and MCSt. Type 1 and type 2 CCA, as well as multi-channel CCA, are the basic features to support for operation in unlicensed band. Other features can be optionally supported. 

Proposal 1: Define a basic UE FG of performing CCA before sidelink transmission in unlicensed band including:
· Type 1 CCA
· Type 2A CCA
· Type 2B CCA
· Type 2C

For multi-channel CCA, for PSCCH and PSFCH, it was agreed that the UL multi-channel access was used as baseline. For PSFCH, it was agreed that DL multi-channel access can be used. For DL multi-channel access, different type A (including A1/A2) and type B (including B1/B2) are defined.   
 
Proposal 2: Define a basic UE FG of performing multi-channel CCA before sidelink transmission in unlicensed band including:
· Multi-channel CCA used for PSCCH/PSSCH transmission. 
· At least one of Type A1/A2/B1/B2 multi-channel access for PSFCH

COT sharing is another major feature in SL unlicensed channel access. Support of COT sharing can be optional.  

Proposal 3: Define a UE FG for SL COT sharing.  

Lastly, multi-consecutive slot transmission is also supported in SL unlicensed channel access to optimize the performance without additional CCA. Many details are still under discussion. Support of MCSt can be an optional feature. 

Proposal 4: Define a UE FG for MCSt transmission.  

For the physical channel design framework for sidelink on unlicensed spectrum, all Rel-16 NR sidelink physical channels are enhanced for sidelink on unlicensed spectrum. 

For PSCCH/PSSCH, it was agreed that both contiguous RB-based and interlace RB-based transmissions are supported. For interlace RB-based PSCCH/PSSCH, a sub-channel is defined and indexed within one RB set and is composed of one or more interlaces in the RB set. The reception of interlace RB-based PSCCH/PSSCH is a new UE feature. Hence, we have the following proposal.

Proposal 5: Define a UE FG of receiving interlace RB-based PSCCH/PSSCH on unlicensed spectrum, including the following component
· UE can receive interlace RB-based NR PSCCH/PSSCH on unlicensed spectrum.

In NR sidelink on unlicensed spectrum, both mode 1 and mode 2 resource allocation schemes are still appliable. For mode 1 resource allocation, a transmitter UE receives sidelink resource grant from gNB. For the case of interlace RB-based PSCCH/PSSCH, the resource indication format is different from Rel-16 NR sidelink. Hence, it is expected that UE will receive DCI in a different format from Rel-16 NR sidelink DCI format 3_0 to indicate the allocated sidelink resources for interlace RB-based PSCCH/PSSCH. This DCI applies to both dynamic scheduling and configured grant type 2 scheduling. 

Hence, we propose to define a new UE feature group for transmitting interlace RB-based PSCCH/PSSCH in mode 1 resource allocation. 

Proposal 6: Define a UE FG of transmitting interlace RB-based PSCCH/PSSCH on unlicensed spectrum based on NR sidelink mode 1, including the following components
· UE can monitor DCI for NR sidelink dynamic scheduling and configured grant type 2 on unlicensed spectrum.
· UE can transmit interlace RB-based PSCCH/PSSCH. 

For mode 2 resource allocation, a transmitter UE obtains sidelink resources based on its sensing and resource selection. The resource selection operations in interlace RB-based PSCCH/PSSCH are different from Rel-16 NR sidelink. 

Since the sub-channel indexing method in sidelink on unlicensed spectrum is different from the sub-channel indexing method in Rel-16 NR sidelink, and the selected sub-channels could have the same index across contiguous RB sets, the resource selection operations in interlace RB-based PSCCH/PSSCH need to be redesigned or modified from Rel-16 NR sidelink. Hence, we propose to define a new UE feature group for transmitting interlace RB-based PSCCH/PSSCH in mode 2 resource allocation. 

Proposal 7: Define a UE FG of transmitting interlace RB-based PSCCH/PSSCH on unlicensed spectrum based on NR sidelink mode 2, including the following components
· UE can perform mode 2 sensing and resource selection operations
· UE can transmit interlace RB-based PSCCH/PSSCH. 

For contiguous RB-based PSCCH/PSSCH, a sub-channel is defined and indexed in a similar way as Rel-16 NR sidelink. The main difference is related to the handling of intra-cell guard band. It was agreed that PSCCH cannot be transmitted on intra-cell guard band. Hence, the PSCCH/PSSCH resource mapping rule may be adjusted from Rel-16 NR sidelink.

We propose to define a new UE feature group for receiving contiguous RB-based PSCCH/PSSCH considering intra-cell guard band on unlicensed spectrum. 

Proposal 8: Define a UE FG of receiving contiguous RB-based PSCCH/PSSCH on unlicensed spectrum, including the following component
· UE can receive contiguous RB-based PSCCH/PSSCH considering intra-cell guard band. 

Subsequently, we propose to define two new UE feature groups for transmitting contiguous RB-based PSCCH/PSSCH considering intra-cell guard band, based on resource allocation mode 1 and resource allocation mode 2, respectively. Note that it is possible that depending on (pre)configurations, some sub-channel may not be used for PSCCH transmission, which may result in the modification of resource selection procedure for mode 2.  

Proposal 9: Define a UE FG of transmitting contiguous RB-based PSCCH/PSSCH on unlicensed spectrum based on NR sidelink mode 1, including the following components
· UE can monitor DCI for NR sidelink dynamic scheduling and configured grant type 2 on unlicensed spectrum.
· UE can transmit contiguous RB-based PSCCH/PSSCH considering intra-cell guard band. 

Proposal 10: Define a UE FG of transmitting contiguous RB-based PSCCH/PSSCH on unlicensed spectrum based on NR sidelink mode 2, including the following components
· UE can perform mode 2 sensing and resource selection operations
· UE can transmit contiguous RB-based PSCCH/PSSCH considering intra-cell guard band. 

It was agreed to support maximum 2 candidate starting symbols in a slot for a PSCCH/PSSCH transmission. The PSCCH/PSSCH slot structure and resource mapping in this case are different from Rel-16 NR sidelink. 

Hence, we propose to define two new UE feature groups, for receiving PSCCH/PSSCH and transmitting PSCCH/PSSCH respectively, for the case of two candidate starting symbols in a slot. 

Proposal 11: Define a UE FG of receiving PSCCH/PSSCH with two candidate starting symbols in a slot, including the following component
· UE can receive PSCCH/PSSCH on unlicensed spectrum with two candidate starting symbols in a slot. 

Proposal 12: Define a UE FG of transmitting PSCCH/PSSCH with two candidate starting symbols in a slot, including the following component
· UE can transmit PSCCH/PSSCH on unlicensed spectrum with two candidate starting symbols in a slot. 

For PSFCH, to meet the OCB requirements, each PSFCH transmission will occupy more than 1 PRB (e.g., common PRBs and dedicated PRBs). Additionally, to address LBT failure, it was agreed to support more than 1 PSFCH occasion per PSCCH/PSSCH transmission. These are different from Rel-16 NR sidelink. 

Hence, we propose to define two new UE feature groups, for receiving NR PSFCH and transmitting NR PSFCH respectively, on unlicensed spectrum. 

Proposal 13: Define a UE FG of receiving NR PSFCH on unlicensed spectrum, including the following components
· UE can receive up to N PSFCH format 0 in a slot. 
· UE can receive PSFCH from more than 1 PSFCH occasion per PSCCH/PSSCH transmission.  

Proposal 14: Define a UE FG of transmitting NR PSFCH on unlicensed spectrum, including the following components
· UE can transmit up to M PSFCH format 0 in a slot on unlicensed spectrum. 
· UE can transmit PSFCH from more than 1 PSFCH occasion per PSCCH/PSSCH reception.  

For S-SSB, to meet the OCB requirements, it was agreed to repeat legacy S-SSB in frequency domain.  This is different from Rel-16 NR sidelink. Hence, we propose to define two new UE feature groups, for receiving S-SSB and transmitting S-SSB, respectively, on unlicensed spectrum. 

Proposal 15: Define a UE FG of receiving S-SSB on unlicensed spectrum, including the following components
· UE can receive S-SSB in NR sidelink on unlicensed spectrum. 
· UE supports synchronization to a reference UE.

Proposal 16: Define a UE FG of transmitting S-SSB on unlicensed spectrum, including the following components
· UE can transmit S-SSB in NR sidelink on unlicensed spectrum. 
· UE supports to be a synchronization reference UE.

In the objective of co-channel coexistence for LTE sidelink and NR sidelink, two schemes turn out to be feasible. The first scheme is TDM-based semi-static resource pool partitioning. This scheme does not have any specification impact. 

The second scheme is dynamic resource pool sharing, where only the combination of NR sidelink mode 2 and LTE sidelink mode 4 are considered. A device type A, containing both LTE sidelink module and NR sidelink module, is defined such that its NR sidelink module uses the sensing and resource reservation information shared by its LTE sidelink module. The LTE sidelink module shares its sensing results of LTE sidelink resources reserved by other LTE sidelink UEs, non-monitored LTE subframes, as well as its own selected LTE sidelink resources. The NR sidelink module excludes resources based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the physical layer. Hence, we propose to define a new UE feature group of co-channel coexistence between LTE sidelink and NR sidelink. 

Proposal 17: Define a UE FG of co-channel coexistence between LTE sidelink and NR sidelink, including the following components
· Contain both LTE sidelink module operating on LTE sidelink mode 4 and NR sidelink module operating on NR sidelink mode 2.
· NR sidelink module uses the sensing and resource reservation information shared by LTE sidelink module (including LTE sidelink resources reserved by other LTE sidelink UEs, non-monitored LTE subframes, its own selected LTE sidelink resources) for its resource selection.   
 
Summary
In this contribution, we discuss the Rel-18 NR sidelink evolution UE capability, and have the following proposals:

Proposal 1: Define a basic UE FG of performing CCA before sidelink transmission in unlicensed band including:
· Type 1 CCA
· Type 2A CCA
· Type 2B CCA
· Type 2C

Proposal 2: Define a basic UE FG of performing multi-channel CCA before sidelink transmission in unlicensed band including:
· Multi-channel CCA used for PSCCH/PSSCH transmission. 
· At least one of Type A1/A2/B1/B2 multi-channel access for PSFCH

Proposal 3: Define a UE FG for SL COT sharing.  

Proposal 4: Define a UE FG for MCSt transmission.  

Proposal 5: Define a UE FG of receiving interlace RB-based PSCCH/PSSCH on unlicensed spectrum, including the following component
· UE can receive interlace RB-based NR PSCCH/PSSCH on unlicensed spectrum.

Proposal 6: Define a UE FG of transmitting interlace RB-based PSCCH/PSSCH on unlicensed spectrum based on NR sidelink mode 1, including the following components
· UE can monitor DCI for NR sidelink dynamic scheduling and configured grant type 2 on unlicensed spectrum.
· UE can transmit interlace RB-based PSCCH/PSSCH. 

Proposal 7: Define a UE FG of transmitting interlace RB-based PSCCH/PSSCH on unlicensed spectrum based on NR sidelink mode 2, including the following components
· UE can perform mode 2 sensing and resource selection operations
· UE can transmit interlace RB-based PSCCH/PSSCH. 

Proposal 8: Define a UE FG of receiving contiguous RB-based PSCCH/PSSCH on unlicensed spectrum, including the following component
· UE can receive contiguous RB-based PSCCH/PSSCH considering intra-cell guard band. 

Proposal 9: Define a UE FG of transmitting contiguous RB-based PSCCH/PSSCH on unlicensed spectrum based on NR sidelink mode 1, including the following components
· UE can monitor DCI for NR sidelink dynamic scheduling and configured grant type 2 on unlicensed spectrum.
· UE can transmit contiguous RB-based PSCCH/PSSCH considering intra-cell guard band. 

Proposal 10: Define a UE FG of transmitting contiguous RB-based PSCCH/PSSCH on unlicensed spectrum based on NR sidelink mode 2, including the following components
· UE can perform mode 2 sensing and resource selection operations
· UE can transmit contiguous RB-based PSCCH/PSSCH considering intra-cell guard band. 

Proposal 11: Define a UE FG of receiving PSCCH/PSSCH with two candidate starting symbols in a slot, including the following component
· UE can receive PSCCH/PSSCH on unlicensed spectrum with two candidate starting symbols in a slot. 

Proposal 12: Define a UE FG of transmitting PSCCH/PSSCH with two candidate starting symbols in a slot, including the following component
· UE can transmit PSCCH/PSSCH on unlicensed spectrum with two candidate starting symbols in a slot. 

Proposal 13: Define a UE FG of receiving NR PSFCH on unlicensed spectrum, including the following components
· UE can receive up to N PSFCH format 0 in a slot. 
· UE can receive PSFCH from more than 1 PSFCH occasion per PSCCH/PSSCH transmission.  

Proposal 14: Define a UE FG of transmitting NR PSFCH on unlicensed spectrum, including the following components
· UE can transmit up to M PSFCH format 0 in a slot on unlicensed spectrum. 
· UE can transmit PSFCH from more than 1 PSFCH occasion per PSCCH/PSSCH reception.  

Proposal 15: Define a UE FG of receiving S-SSB on unlicensed spectrum, including the following components
· UE can receive S-SSB in NR sidelink on unlicensed spectrum. 
· UE supports synchronization to a reference UE.

Proposal 16: Define a UE FG of transmitting S-SSB on unlicensed spectrum, including the following components
· UE can transmit S-SSB in NR sidelink on unlicensed spectrum. 
· UE supports to be a synchronization reference UE.

Proposal 17: Define a UE FG of co-channel coexistence between LTE sidelink and NR sidelink, including the following components
· Contain both LTE sidelink module operating on LTE sidelink mode 4 and NR sidelink module operating on NR sidelink mode 2.
· NR sidelink module uses the sensing and resource reservation information shared by LTE sidelink module (including LTE sidelink resources reserved by other LTE sidelink UEs, non-monitored LTE subframes, its own selected LTE sidelink resources) for its resource selection.   
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