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Introduction
In RAN#99 meeting, the WID on Sidelink CA operation has been updated as follow [1], in which it has been agreed that only LTE sidelink CA features should be considered in Rel-18, and the additional features will be precluded, such as different SCS across carriers, inter-band CA (e.g., FR1+FR2), non-aligned PSFCH resources, cross-carrier scheduling, etc.
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
· [bookmark: OLE_LINK137]Same subcarrier spacing (SCS) among CA carriers to avoid resource selection enhancements and AGC issues
· [bookmark: OLE_LINK2]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
· [bookmark: OLE_LINK118]Reuse the LTE sidelink CA design for the following aspects:
· [bookmark: OLE_LINK121]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


[bookmark: OLE_LINK145]According to the WID, from RAN1 perspective, two aspects, which are synchronization of aggregated carriers and Tx power split for simultaneous sidelink transmissions, should be focused and discussed in RAN1#114 meeting. Since we have only one meeting left, with regards to the guideline in [2], we propose to reuse the LTE sidelink CA design as much as possible in NR sidelink CA design for Rel-18.
Discussion
[bookmark: OLE_LINK138][bookmark: OLE_LINK139]Synchronization of aggregated carriers
[bookmark: OLE_LINK147][bookmark: OLE_LINK124]In LTE sidelink CA, higher layers can configure a set of carrier(s) (Set-A) which can potentially be used as the synchronization carrier, within the set of potential carriers configured for Tx and Rx for CA. Then, UE will determine the available set of synchronization carriers (Set-B) as the subset of Set-A based on the carriers which the UE is currently aggregating. 
[bookmark: OLE_LINK125]Observation 1: In LTE sidelink CA, higher layers can configure a set of carrier(s) (Set-A) which can potentially be used as the synchronization carrier, UE determines the available set of synchronization carriers (Set-B) as the subset of Set-A based on the carriers which the UE is currently aggregating.
After obtaining Set-B, UE will determine one carrier as synchronization carrier from the carriers within Set-B:
· [bookmark: OLE_LINK127]If GNSS or gNB is selected as synchronization reference, the synchronization carrier is determined by UE implementation; 
· Otherwise, select the carrier in Set-B with highest Rel-14 priority sync carrier (Sync Ref UE).
[bookmark: OLE_LINK133]Observation 2: In LTE sidelink CA, for the determination of synchronization carrier from the carriers within Set-B:
· [bookmark: OLE_LINK128]If GNSS or gNB is selected as synchronization reference, the synchronization carrier is determined by UE implementation; 
· Otherwise, the carrier in Set-B with highest Rel-14 priority sync reference (Sync Ref UE) is determined as synchronization carrier.
[bookmark: OLE_LINK140][bookmark: OLE_LINK134][bookmark: OLE_LINK123][bookmark: OLE_LINK135]Furthermore, SLSS is transmitted in the synchronization carrier or all the carriers in Set-B, which options is selected depends on the configuration and UE capability. The DFN value and offset are derived from the synchronization carrier and common to all aggregated carriers.
[bookmark: OLE_LINK126]Observation 3: In LTE sidelink CA, SLSS is transmitted in the synchronization carrier or all the carriers in Set-B, which options is selected by the UE depends on the configuration and UE capability.
[bookmark: OLE_LINK153][bookmark: OLE_LINK136]Observation 4: In LTE sidelink CA, the DFN value and offset are common to all aggregated carriers.
[bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK146][bookmark: OLE_LINK144]In Rel-18 NR sidelink CA, since inter-band CA (e.g., FR1+FR2) is not supported and only same subcarrier spacing (SCS) among CA carriers can be applied, it seems that no further issues will be caused if LTE sidelink CA synchronization procedure is reused. Therefore, we propose to directly reuse the existing LTE sidelink CA procedure for synchronization of aggregated carriers.
[bookmark: OLE_LINK8]Proposal 1: In Rel-18 NR sidelink CA, the existing LTE sidelink CA procedure for synchronization of aggregated carriers can be directly reused, i.e., no further enhancements are needed.
[bookmark: OLE_LINK10][bookmark: OLE_LINK3][bookmark: OLE_LINK156][bookmark: OLE_LINK9]Tx power split for simultaneous sidelink transmissions
[bookmark: OLE_LINK11]PSCCH/PSSCH transmissions in aggregated carriers
[bookmark: OLE_LINK154][bookmark: OLE_LINK152][bookmark: _Hlk141879434][bookmark: OLE_LINK155]In LTE sidelink CA, according to step 10 in section 14.1.1.6, TS36.213 [3], when UE intends to simultaneously transmit multiple sidelink transmissions on multiple carriers but the total power will exceed Pcmax, power adjustment or dropping shall be performed to the carrier whose transmission has the largest priority value, note that for one carrier, only one PSCCH/PSSCH can be transmitted at the same time. This procedure can be repeated over the non-dropped carriers until the total power is not larger than Pcmax.
[image: ]
Figure 1 Illustration of LTE Tx power split for simultaneous sidelink transmissions
[bookmark: OLE_LINK5]Observation 5: In LTE sidelink CA, power adjustment or dropping shall be performed to the carrier whose transmission has the largest priority value when the total power of sidelink transmissions on multiple carriers exceeds Pcmax. 
· This procedure shall be repeated over the non-dropped carriers until the total power is not larger than Pcmax if needed.
[bookmark: OLE_LINK1]In Rel-18 NR sidelink CA, since it is not supported that different carrier configured with different SCS values, the slot boundaries among the carriers can be guaranteed to be aligned, then the power adjustment or dropping in one carrier can only impact the total Tx power in one slot accordingly. On the other hand, the case where PSFCH transmission overlaps with PSCCH/PSSCH transmission is also precluded due to the time resources for PSFCH shall be aligned among the carriers for CA in Rel-18. On the basis of above two prerequisites, the LTE sidelink CA Tx power split rule for simultaneous sidelink transmission can be directly reused.
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[bookmark: OLE_LINK4][bookmark: OLE_LINK6]Figure 2 Precluded condition (1): different carrier with different SCS values
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[bookmark: OLE_LINK7]Figure 3 Precluded condition (2): PSSCH overlaps with PSFCH in different carriers
Observation 6: The following two conditions have been precluded based on current WID: 
· Different carrier with different SCS values;
· PSSCH overlaps with PSFCH in different carriers.
[bookmark: OLE_LINK16][bookmark: OLE_LINK12]Proposal 2: In Rel-18 NR sidelink CA, for simultaneous PSCCH/PSSCH transmissions across multiple carriers, the existing LTE Tx power split mechanism can be directly reused, i.e., no further enhancements are needed.

PSFCH transmissions in aggregated carriers
Since there is no PSFCH in LTE sidelink, no baseline can be taken into account when designing the mechanism for PSFCH transmissions in aggregated carriers. Meanwhile, it is supported to transmit multiple PSFCHs even in a single carrier according to current specification. In NR sidelink, the PSFCH power control mechanism can guarantee the total power of simultaneous PSFCH transmissions to be less or equal to Pcmax. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK17]Moreover, in the current specification, for resource pools configured with PSFCH resources overlapping in time, the power control parameters  and shall be configured with the same value for all the resource pools (refer to the highlighted parts of the following description in TS38.331, [4]), which can avoid the specification impact of section 16.2.3 in TS38.213 [5]. The reason is that, if these parameters can be configured with different values across different resource pool, the formulas in the aforementioned section shall be modified, which may bring too much work to RAN1. Therefore, since we have only one meeting left, we propose to follow the same principle, i.e., the power control parameters  and shall be configured with the same value for all the aggregated carriers, at least in Rel-18. Then, the existing power control mechanism for PSFCH can be directly reused to ensure the total transmission power is not larger than Pcmax.
Table 1 The description of the PSFCH power control parameter in [4]
	[bookmark: OLE_LINK15]dl-Alpha-PSFCH
[bookmark: OLE_LINK13]Indicates alpha value for downlink pathloss based power control for PSFCH when dl-P0-PSFCH is configured. When the field is absent the UE applies the value 1. For resource pools configured with PSFCH resources overlapping in time, this field is either not configured in any of the resource pools or configured with the same value for all the resource pools.

	dl-P0-PSFCH
Indicates P0 value for downlink pathloss based power control for PSFCH. If not configured, downlink pathloss based power control is disabled for PSFCH. When dl-P0-PSFCH-r17 is configured, the UE ignores dl-P0-PSFCH-r16. For resource pools configured with PSFCH resources overlapping in time, this field is either not configured in any of the resource pools or configured with the same value for all the resource pools.



[bookmark: OLE_LINK20]Proposal 3: In Rel-18 NR sidelink CA, the power control parameters  and shall be configured with the same value for all the aggregated carriers.
[bookmark: OLE_LINK18]Proposal 4: In Rel-18 NR sidelink CA, for simultaneous PSFCH transmissions across multiple carriers, the existing PSFCH power control mechanism for PSFCH can be directly reused to ensure the total transmission power is not larger than Pcmax, i.e., no further enhancements are needed.

[bookmark: _Hlk142396313]Sidelink CA transmissions conflict with uplink transmission(s)
Another aspect should be considered is when UE intends to perform sidelink transmissions in the aggregated SL carriers and UL transmission simultaneously, and when the total UE transmission power over the time period would exceed Pcmax, the following two alternatives can be considered:
[bookmark: _Hlk142385754][bookmark: OLE_LINK181]Alt.1: Comparing the priority values of all the transmissions on the sidelink carriers and UL carrier(s): in this alternative, UE will reduce the power or drop for the transmission in descending order of corresponding priority value until the total transmission power does not exceed Pcmax. The priority of UL transmission(s) can be represented by the priority value(s) which is (pre)configured by sl-PriorityThreshold-UL-URLLC and/or sl_PriorityThreshold, depends on whether the UL transmission is for a PUSCH or for a PUCCH with priority index 1.
Alt.2: The smallest priority value among sidelink transmissions is used to compare with UL transmission(s): in this alternative, similar to Rel-16 NR sidelink, if the SL transmission has higher priority (lower priority value) than the UL transmissions, UE will reduce the power for the UL transmission; otherwise, UE will reduce SL transmission power in descending order of corresponding priority value until the total transmission power does not exceed Pcmax.
[bookmark: OLE_LINK14]The below figure can be taken as an example, if Alt 2 is adopted, power reducing or dropping would be performed to UL transmission in carrier#2, however, from our perspective, it is unfair to the UL transmission especially when the transmission is URLLC type and the priority of SL transmission in carrier#0 is 8. Therefore, Alt. 1 is our preference when sidelink CA transmissions conflict with uplink transmission(s). If Alt.1 is operated, power reducing or dropping would be performed to the SL transmission in carrier#1 which is more reasonable and feasible to guarantee the UL transmission with higher priority. 
[image: ]
Figure 4 Example of the two alternatives for the case where sidelink CA transmissions conflict with uplink transmission (s)
[bookmark: OLE_LINK21]Proposal 5: When sidelink CA transmissions conflict with uplink transmission(s), Alt.1 should be selected, i.e., comparing the priority values of all the transmissions on the sidelink carriers and UL carrier(s).
· UE will perform power reduction or droppimng for the transmission in descending order of corresponding priority value until the total transmission power does not exceed Pcmax;
· The priority of UL transmission(s) can be represented by the priority value(s) which is (pre)configured by sl-PriorityThreshold-UL-URLLC and/or sl_PriorityThreshold.
Conclusion
In this contribution, the design of sidelink CA operation in Rel-18 is discussed. Based on the discussion, the following observations and proposals are provided:
Observation 1: In LTE sidelink CA, higher layers can configure a set of carrier(s) (Set-A) which can potentially be used as the synchronization carrier, UE determines the available set of synchronization carriers (Set-B) as the subset of Set-A based on the carriers which the UE is currently aggregating.
Observation 2: In LTE sidelink CA, for the determination of synchronization carrier from the carriers within Set-B:
· If GNSS or gNB is selected as synchronization reference, the synchronization carrier is determined by UE implementation; 
· Otherwise, the carrier in Set-B with highest Rel-14 priority sync reference (Sync Ref UE) is determined as synchronization carrier.
Observation 3: In LTE sidelink CA, SLSS is transmitted in the synchronization carrier or all the carriers in Set-B, which options is selected by the UE depends on the configuration and UE capability.
Observation 4: In LTE sidelink CA, the DFN value and offset are common to all aggregated carriers.
Observation 5: In LTE sidelink CA, power adjustment or dropping shall be performed to the carrier whose transmission has the largest priority value when the total power of sidelink transmissions on multiple carriers exceeds Pcmax. 
· This procedure shall be repeated over the non-dropped carriers until the total power is not larger than Pcmax if needed.
Observation 6: The following two conditions have been precluded based on current WID: 
· Different carrier with different SCS values;
· PSSCH overlaps with PSFCH in different carriers.
Proposal 1: In Rel-18 NR sidelink CA, the existing LTE sidelink CA procedure for synchronization of aggregated carriers can be directly reused, i.e., no further enhancements are needed.
Proposal 2: In Rel-18 NR sidelink CA, for simultaneous PSCCH/PSSCH transmissions across multiple carriers, the existing LTE Tx power split mechanism can be directly reused, i.e., no further enhancements are needed.
Proposal 3: In Rel-18 NR sidelink CA, the power control parameters  and shall be configured with the same value for all the aggregated carriers.
Proposal 4: In Rel-18 NR sidelink CA, for simultaneous PSFCH transmissions across multiple carriers, the existing PSFCH power control mechanism for PSFCH can be directly reused to ensure the total transmission power is not larger than Pcmax, i.e., no further enhancements are needed.
Proposal 5: When sidelink CA transmissions conflict with uplink transmission(s), Alt.1 should be selected, i.e., comparing the priority values of all the transmissions on the sidelink carriers and UL carrier(s).
· UE will perform power reduction or droppimng for the transmission in descending order of corresponding priority value until the total transmission power does not exceed Pcmax;
· The priority of UL transmission(s) can be represented by the priority value(s) which is (pre)configured by sl-PriorityThreshold-UL-URLLC and/or sl_PriorityThreshold.
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