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1. Introduction
According to WID for sidelink CA operation, the objectives are as follows:
	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, we discuss issues on the sidelink CA operation. 

2. Discussion
For the SL CA operation, only a single RAN1 meeting is allowed to complete this feature. In this point of view, RAN1 should focus on the essential parts only for NR SL CA operation. 

2.1. Configuration for multiple aggregated SL carriers
According to the latest version of the WID, some restrictions are listed up to avoid additional AGC issue between PSCCH/PSSCH and PSFCH across different aggregated SL carriers. To be specific, the same SCS among CA carriers will be assumed so that the time resources for PSFCH are aligned among the carriers for CA. Meanwhile, for this purpose, on top of the SCS, the CP length also needs to be the same across multiple carriers. Otherwise, PSFCH symbols across different carriers could have different symbol duration, and the symbol boundary would be no longer aligned. 
With the same numerology including SCS and CP length across multiple carriers for SL CA, to align PSFCH symbols position, sl-StartSymbol and sl-LengthSymbols also need to be the same for all the aggregated SL carriers. When different combination of sl-StartSymbol and sl-LengthSymbols may support the time domain alignment of PSFCH across different SL carriers, but it will cause additional AGC problem for PSCCH/PSSCH transmissions over multiple SL carriers. In these points of views, sl-StartSymbol and sl-LengthSymbols can be (pre)configured to have the same values for all the SL carriers. 
Observation 1: Even though SCSs are the same across different SL carriers, if the CP length is different, the PSFCH time resource would not be aligned among the aggregated SL carriers.
Observation 2: To align PSFCH time resources across aggregated SL carriers, it would be necessary to further align the logical slots of resource pools with PSFCH resource, PSFCH resource period. 
Proposal 1: For NR SL CA in Rel-18, UE expects to be (pre)configured that at least following parameters are the same for all the aggregated SL carriers on top of the SCS:
· CP length
· sl-StartSymbol
· sl-LengthSymbols

In case of TDD UL-DL configuration and logical slot configuration of resource pool(s) with PSFCH resource, when they are the same for all the SL carriers, the time resources for PSFCH can be simply aligned for SL carriers, but this approach is not unique option for this purpose. 


2.2. Power control for SL CA
According to the WID, Rel-18 SL CA is limited to the intra-band CA. In this case, half-duplex restriction would be kept for all the aggregated SL carriers. Moreover, simultaneous PSCCH/PSSCH transmissions over multiple SL carriers would not be supported. On the other hand, the simultaneous PSFCH transmissions could be extended to the CA case. 
Observation 3: Considering intra-band contiguous CA scenario, it would not be allowed that UE performs SL TX in the 1st SL carrier while the UE performs SL RX in the 2nd SL carrier simultaneously. 

First of all, PSFCH TX/RX prioritization rule needs to be extended for SL CA. For simplicity, the UE can decide either PSFCH TX or PSFCH RX operation commonly for all the aggregated SL carriers based on the smallest SL priority value among the all the priority values of PSFCHs across all the aggregated SL carriers.
[bookmark: _GoBack]Proposal 2: For Rel-18 NR SL CA, UE determines to perform either PSFCH TX or PSFCH RX corresponding to the smallest priority field value for all the aggregated SL carriers.

The PSFCH TX/TX prioritization is performed as the part of the power control. Meanwhile, in general, the power control is performed in per-carrier basis first, and then the UE further adjust the transmission power of a certain carrier so that the transmit power is smaller or equal to the UE maximum transmit power, denoted by P_CMAX. In this point of view, PSFCH TX/TX prioritization could be performed with power control for each carrier first. Then, the remaining issue would be whether or how to perform the PSFCH TX/TX prioritization across multiple SL carriers when the total transmit power exceeds P_CMAX. 
Considering the Rel-16/17 PSFCH power control, when the nominal power is (pre)configured, the UE drops PSFCH transmission further to make the transmit power below P_CMAX. When the nominal power is not provided, then the UE can reduce the transmit power of each PSFCH to transmit more PSFCH(s). In this point of view, it seems preferable to follow this principle for the SL CA case as well. However, if the further PSFCH TX/TX prioritization is performed in 2-step manner for this purpose, its specification work would be high. In those points of view, as in LTE SL, it can be considered that the exact power adjustment to make the transmit power below P_CMAX is not specified. 
Proposal 3: For Rel-18 NR SL CA, when UE attempts PSFCH transmissions in more than one aggregated SL carriers, 
· UE performs PSFCH power control including PSFCH TX/TX prioritization for each aggregated SL carrier first with an upper limit of P_CMAX,c
· If the total transmit power exceeds P_CMAX, the UE shall adjust the PSFCH transmission power of a carrier in which the smallest SL priority of the PSFCH transmissions is the largest value among all the smallest SL priority values of the PSFCH transmissions on each carrier such that its total transmission power does not exceed P_CMAX. In this case, calculation of the adjustment to the sidelink transmission power is not specified.
· If the transmission power still exceeds P_CMAX, after this power adjustment, the UE shall drop the PSFCH transmissions on a carrier corresponding to the largest priority and repeat this procedure over the non-dropped carriers. It is not specified which carrier the UE adjusts when PSFCH transmissions overlapping in time on two or more carriers have the same value for the smallest SL priority.

According to LTE SL CA, the power control for SL CA covers the case when multiple SL carriers are aggregated and the case when a single SL carrier and one or multiple UL carrier(s) are aggregated. However, the power control does not cover the case when multiple SL carrier and one or multiple UL carrier(s) are aggregated. It is motivated by the main scenario of the carrier aggregation in LTE SL is the carrier aggregation of two carriers. According to Rel-16/17 NR SL, the power control including UL/SL prioritization covers the case when a single SL transmission overlaps in time with one or more overlapping UL transmissions. 
For the case when multiple SL carriers are aggregated, according to the latest version of WID, Tx power split for simultaneous sidelink transmissions in LTE SL CA will be reused. 
To be specific, if a UE's sidelink transmission on a carrier overlaps in time with sidelink transmission on other carrier(s) and its total transmission power exceeds P_CMAX, the UE shall adjust the transmission power of the sidelink transmission which has SCI whose "Priority" field is set to the largest value among all the "Priority" values of the overlapped sidelink transmissions such that its total transmission power does not exceed P_CMAX. In this case, calculation of the adjustment to the sidelink transmission power is not specified. If the transmission power still exceeds P_CMAX, after this power adjustment, the UE shall drop the sidelink transmission with the largest "Priority" field in its SCI and repeat this procedure over the non-dropped carriers. It is not specified which sidelink transmission the UE adjusts when sidelink transmissions overlapping in time on two or more carriers have the same value for the "Priority" field.
Next, it would be necessary to clarify whether the case when multiple SL carriers and one or more UL carriers are aggregated needs to be specified or not. If necessary, it can be considered to use the principle of the UL/SL prioritization for the case when one or more SL transmissions overlap in time with multiple non-overlapping UL transmissions as specified in TS38.213. 
To be specific, the SL transmissions has higher priority than the UL transmissions if at least one SL transmissions is prioritized over all UL transmissions subject to both UE multiplexing and processing timeline with respect to the first SL transmission and the first UL transmission. The UL transmission has higher priority than the SL transmission if at least one UL transmission is prioritized over all the SL transmission subject to both UE multiplexing and processing timeline with respect to the first SL transmission and the first UL transmission. Then, the UE will reduce the power of SL transmission or UL transmission corresponding to lower priority so that the total UE transmit power would not exceed P_CMAX. 


3. Conclusions
In this contribution, we discussed sidelink CA operation. Based on the above discussion, our observations and proposals are given as follows:
Observation 1: Even though SCSs are the same across different SL carriers, if the CP length is different, the PSFCH time resource would not be aligned among the aggregated SL carriers.
Observation 2: To align PSFCH time resources across aggregated SL carriers, it would be necessary to further align the logical slots of resource pools with PSFCH resource, PSFCH resource period. 
Observation 3: Considering intra-band contiguous CA scenario, it would not be allowed that UE performs SL TX in the 1st SL carrier while the UE performs SL RX in the 2nd SL carrier simultaneously. 

Proposal 1: For NR SL CA in Rel-18, UE expects to be (pre)configured that at least following parameters are the same for all the aggregated SL carriers on top of the SCS: 
· CP length
· sl-StartSymbol
· sl-LengthSymbols
Proposal 2: For Rel-18 NR SL CA, UE determines to perform either PSFCH TX or PSFCH RX corresponding to the smallest priority field value for all the aggregated SL carriers.
Proposal 3: For Rel-18 NR SL CA, when UE attempts PSFCH transmissions in more than one aggregated SL carriers, 
· UE performs PSFCH power control including PSFCH TX/TX prioritization for each aggregated SL carrier first with an upper limit of P_CMAX,c
· If the total transmit power exceeds P_CMAX, the UE shall adjust the PSFCH transmission power of a carrier in which the smallest SL priority of the PSFCH transmissions is the largest value among all the smallest SL priority values of the PSFCH transmissions on each carrier such that its total transmission power does not exceed P_CMAX. In this case, calculation of the adjustment to the sidelink transmission power is not specified.
· If the transmission power still exceeds P_CMAX, after this power adjustment, the UE shall drop the PSFCH transmissions on a carrier corresponding to the largest priority and repeat this procedure over the non-dropped carriers. It is not specified which carrier the UE adjusts when PSFCH transmissions overlapping in time on two or more carriers have the same value for the smallest SL priority.
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