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Introduction
In 3GPP TSG RAN meeting #94, a new work item related to NR Sidelink (SL) evolution was approved, whose description has been recently updated during RAN#98-e [1] to restrict the scope of the objective to implement SL CA. In this matter, the related WID currently includes the following objective:
	1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4]
· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to intra-band CA for the ITS band in FR1 (Band n47).
· No specific enhancements of Rel-17 sidelink features with sidelink CA support.
· This feature is backwards compatible in the following regards
· [bookmark: _Hlk89619097]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)
· Only Mode 2 operation
· Same subcarrier spacing (SCS) among CA carriers to avoid resource selection enhancements and AGC issues
· Time resources for PSFCH are aligned among the carriers for CA
· No enhancement related to SCI transmissions on PSCCH/PSSCH, PSFCH transmission, RSRP feedback, CSI feedback and congestion control compared to Rel-16 (i.e., per-carrier operation)
· SL resource indication remains to be per-resource pool and per-carrier basis (no cross-carrier scheduling in SCI)
· UE transmits SL HARQ feedback on the same carrier on which it receives the associated PSSCH
· No consideration for limited transmission and reception capability
· No primary/secondary carrier differentiation
· Reuse the LTE sidelink CA design for the following aspects:
· Sidelink carrier (re-)selection, synchronization of aggregated carriers, Tx power split for simultaneous sidelink transmissions, packet duplication
· The CA band combination work in RAN4 is limited to intra-band contiguous CA in Rel-18.
· Note: The SL CA work in Rel-18 mainly targets some V2X use cases


In this contribution several aspects related to SL CA are discussed, while our views on aspects of Rel-18 SL in FR2 are provided in our companion contribution [3].
SL CA overview
To limit the standardization effort the scope of this RAN2 lead work item is limited to define the features:
· Sidelink carrier (re-)selection
· Synchronization of aggregated carriers
· Power control for simultaneous sidelink transmission 
· Packet Duplication
under the constraints given in the WID objective related to SL CA. The limitations of the same SCS, the same PSFCH time resources for all carriers have the target to avoid AGC issues in an intra-band CA case, where one AGC is used to control the input power of one ADC that converts the whole band into the digital domain. All considerations in this document assume this receiver architecture. The following sections provide considerations for each of the desired features. 
Sidelink carrier (re-)selection
As defined for LTE SL CA, higher layers semi-statically configure potential carriers for reception and transmission, while taking all considerations for limited transmission or reception capabilities into account. Thus, from the physical layer perspective the process of sidelink carrier (re-)selection is largely transparent. However, there are two related aspects of (1) which physical layer criteria can be considered for SL carrier (re-)selection and limitations of physical layer transmissions and (re)-transmissions once a CC is selected. 
In our understanding the CBR is already defined for congestion control to assess how congested a carrier is. Thus, it is reasonable that CBR measurements of each CC is considered when performing SL carrier (re-)selection. In addition, higher layers should also consider transmission and reception limitations of the UE when selection a carrier.

Proposal 1: 
· Sidelink carrier (re-)selection utilizes the following physical layer criteria:
· Per CC CBR measurement
· Transmission and reception limitations of the UE

In our understanding from the RAN1 perspective in LTE SL CA once a carrier is selected, the same carrier is used for all MAC PDUs of the same sidelink process until resource reselection is triggered. 

Proposal 2: 
· Once a carrier is selected, the same carrier is used for all MAC PDUs of the same sidelink transmission process

Synchronization of aggregated carriers
The procedure for synchronization of aggregated carriers in LTE takes the following steps:
· Synchronization carriers are (pre)-configured by higher layers.
· UEs select a synchronization carrier form the aggregated CCs.
· This synchronization carrier is used for sidelink Tx/Rx during CA operation. 
In LTE, synchronization carriers are configured. Based on this consideration, if no synchronization carrier is configured the synchronization needs to be performed independently for each CC, thus carriers can only be aggregated if they use the same synchronization reference (e.g. GNSS or the network).  
For the actual synchronization procedure, the same process as defined for a single CC is used. In our understanding if there are multiple sidelink synchronization carriers defined for a band combination it is up to higher layers to select which one will be used for the synchronization.

Proposal 3: 
· Regarding synchronization of aggregated carriers, the following considerations are made:
· A set of CCs that can be used as a synchronization carrier is (pre-)configured.
· If no synchronization carrier is configured, independent synchronization per carrier is assumed and carriers can only be aggregated if the same synchronization reference is used (GNSS or the network).
· Synchronization on the synchronization carrier is performed as defined for Rel-16 single CC. 

Power control for simultaneous sidelink transmission 
This topic covers the case that a UE transmits on multiple carriers in the same slot. Further we assume that there is only on PA available for the whole band, thus the power is shared across all intra-band carriers. In our understanding this case has been treated during LTE times in two ways. First if the transmissions have different priorities, the one with higher priority is prioritized. Second, if multiple transmissions have the same priority it is left up to UE implementation to allocate transmit power to the different transmissions. 

Proposal 4: 
· For the case of a UE transmitting on multiple carriers in one slot and the transmissions having different priority, the in Rel-16 defined prioritization rules for the sidelink are reused. 
· For the case of a UE transmitting on multiple carriers in one slot and the transmissions having the same priority, it is left up to the UE implementation to allocate the available transmit power to each carrier. Note that it needs to be ensured that the maximum power on each carrier does not exceed the maximum power defined by the (potentially different) requirement in each carrier.

Packet Duplication
All forms of packet duplication are transparent to the physical layer and thus no additional considerations need to be discussed in RAN1. In our understanding there is no intention to perform combining of duplicated packets at the physical layer and only packet duplication at higher layers is considered. 

Proposal 5: 
· Packet duplication for Sidelink CA is treated transparently to physical layer.

SL CA in combination with dedicated SL PRS resource pools
In our understanding there is a cross dependency between the SL positioning feature and SL CA. In the updated WID the case of resource pool dedicated for SL PRS transmission was not foreseen. In the SL positioning work item, it was agreed that time multiplexed transmissions of SL-PRS from different UEs can occur within one slot. This means that an AGC handling all transmissions within a band could not adjust to the potentially different power due to the time multiplexed SL PRS transmissions. This could have a detrimental effect on the demodulation performance of other carriers as it can saturate the A/D conversion (assuming one ADC is converting the whole band containing multiple intra-band carriers). A simple example would be two UEs transmitting in a time multiplexed fashion during to dedicated SL PRS slot with a very different receive power at one UE. As this had a similar effect as unaligned SCS or PSFCH resource to the transmission we assume this was missed during the update of the WID, therefore we would like to limit the development of SL CA to the case all dedicated SL PRS resource pools in all SL carriers consist of the same time resources. 

Proposal 6: 
· Discuss cross-dependency of SL CA and SL positioning regarding the AGC issue that does arise if dedicated SL PRS resource pools are configured with different time resources in different CCs. 

Conclusion
In this contribution, we have provided our views on the SL CA. In summary, we have the following list of proposals:
Proposal 1: 
· Sidelink carrier (re-)selection utilizes the following physical layer criteria:
· Per CC CBR measurement
· Transmission and reception limitations of the UE
Proposal 2: 
· Once a carrier is selected, the same carrier is used for all MAC PDUs of the same sidelink transmission process
Proposal 3: 
· Regarding synchronization of aggregated carriers, the following considerations are made:
· A set of CCs that can be used as a synchronization carrier is (pre-)configured.
· If no synchronization carrier is configured, independent synchronization per carrier is assumed and carriers can only be aggregated if the same synchronization reference is used (GNSS or the network).
· Synchronization on the synchronization carrier is performed as defined for Rel-16 single CC. 
Proposal 4: 
· For the case of a UE transmitting on multiple carriers in one slot and the transmissions having different priority, the in Rel-16 defined prioritization rules are reused. 
· For the case of a UE transmitting on multiple carriers in one slot and the transmissions having the same priority, it is left up to the UE implementation to allocate the available transmit power to each carrier. Note that it needs to be ensured that the maximum power on each carrier does not exceed the maximum power defined by the (potentially different) requirement in each carrier.
Proposal 5: 
· Packet duplication for Sidelink CA is treated transparently to physical layer. 
Proposal 6: 
· Discuss cross-dependency of SL CA and SL positioning regarding the AGC issue that does arise if dedicated SL PRS resource pools are configured with different time resources in different CCs. 
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