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1. Introduction
In RAN1#91 meeting, followings are agreed for CA:
	Agreements:
· From RAN1 understanding, the limited TX capability means that the UE cannot support transmission(s) over carrier(s) in a subframe due to 

· (a) Number of TX chains smaller than the number of configured TX carriers or
· (b) UE doesn’t support the given band combination or
· (c) TX chain switching time or

· (d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance

· For a UE with limited TX capability, RAN1 considers the following options for resource selection in mode 4 CA.

· Option 1-1: When the UE performs the resource selection for a certain carrier, any subframe of that carrier shall be excluded from the reported candidate resource set if using that subframe exceeds its TX capability limitation under the given resource reservation in the other carriers.

· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.

· Option 1-2: If the per-carrier independent resource selection leads to transmissions beyond the TX capability of the UE in a subframe, UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources can be supported by the UE.

· FFS: whether it is up to UE implementation

· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.

· Option 2: After performing the per-carrier independent resource selection, the UE shall drop transmission in a subframe where using that subframe exceed its TX capability limitation. 

· FFS details of dropping rule, e.g., whether/how to consider PPPP and CBR

· FFS whether/how to consider other aspects (e.g., half duplex problem) in terms of resource selection

· Down-select one combination among the followings:

· Option 1-1 for (a), (b), and (c)

· the UE shall drop transmission in a subframe where using that subframe is beyond TX capability with (d)

· Option 1-1 for (a), (b), and (c)

· UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources fulfill TX capability with (d)

· Option 1-2 for (a), (b), and (c) + Option 2 for (d)

· Option 1-1 for (a), (b), (c), and (d)

· Option 1-2 for (a), (b), (c), and (d)
· Option 2 for (a), (b), (c), and (d)


In this contribution, we discuss the potential enhancement on PC5 functionalities to support carrier aggregation using mode-4 resource selection. 
2. Discussion on UE capability related issues
2.1. Resource (re)selection for UE with limited TX capability 

In RAN1#91 meeting, the following agreement on limited UE TX capability was reached:
Agreement: From RAN1 understanding, the limited TX capability means that the UE cannot support transmission(s) over carrier(s) in a subframe due to 
(a) Number of TX chains smaller than the number of configured TX carriers or
(b) UE doesn’t support the given band combination or
(c) TX chain switching time or

(d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance
For a given MAC PDU, it is assumed that a single carrier is provided by higher layer for its transmission, and then mode-4 UE performs PHY layer resource exclusion on this carrier. However, for CA, UE may have limited Tx capability due to several reasons listed above. To address this issue, in RAN1#91 meeting, following options were proposed, i.e., opt. 1-1) additional resource exclusion procedure or opt. 1-2) re-doing resource reselection to avoid selecting the unusable resource or opt. 2) dropping the packet transmission in case of selected resource beyond UE TX capability.
In our understanding, even UE has TX capability limitation on certain resource candidate for transmission, it does not mean no available resource candidate for corresponding data transmission. Higher layer (e.g., RRC) can handle limited UE capability and select available resource for transmission. So, it is not advised to drop the corresponding data transmission directly, at least when available resources can be found. For (a), (b), and (c), option 1-1 or option 1-2 needs to be supported. If we follow Rel-14 procedure, opt. 1-1 is slightly preferred. While for (d), power scaling may resolve the issue.
Proposal 1: Support option 1-1/option 1-2 for the case when UE has limited Tx capability due to (a), (b) and (c).
2.2. On power scaling 

Even if usable resources can be found within UE TX capability after resource (re)selection, there would be some limitation on data transmission, e.g., when simultaneous transmission of data in multiple carriers may exceed the maximum allowed transmission power of the UE. In this case, power scaling needs to be performed to fulfil the limitation on transmission power. In uplink, several prioritization rules are defined for power scaling. Similar rule can be applied to SL V2X based on associated PPPP for each transmission. Furthermore, simultaneous transmission may last until resource reselection. Power scaling for consecutive transmission may cause semi-persistent performance degradation. If we introduce PPPP based power sharing mechanism, packet with lower priority can be semi-persistently transmitted with unintentionally small power. If packets are semi-persistently transmitted with power scaling, Rel-14 mechanism to trigger reselection after consecutive transmission skip can be reused to handle this issue, e.g., certain number of consecutive transmissions with power scaling triggers reselection. Therefore, we propose following:

Proposal 2: In case of power sharing among multiple transmissions, power scaling is applied to transmission(s) associated with lower PPPP.
Proposal 3: In case of power sharing among multiple transmissions, consecutive transmissions with power scaling needs to be minimized to avoid performance loss of consecutive transmissions for certain sidelink process. Detail is FFS.
2.3. On Half duplex constraint

It is RAN1 understanding that un-monitored resources are excluded in the beginning of L1 procedure for resource exclusion. If resource selection is independently performed in multiple carrier, there can be increase in terms of number of subframe for transmission in any of the selected carriers. Considering half duplex constraint at least in the same band, more subframes cannot be monitored due to increased transmission subframes. However, resource (re)selection should be asynchronous among transmission carriers because resource (re)selection can be triggered when selected resource is not sufficient or no selected resource is available. Such decision for resource (re)selection should be done per sidelink process considering independent traffic among sidelink processes. If resource (re)selection is asynchronous, UE performing mode 4 sensing is not able to select a subframe, which is already selected for transmission in other carriers in the same band, due to half duplex constraint. Therefore, mechanism to align transmission subframe is workable for limited case and we propose not to support it in Rel-15.

Observation 1: Trigger of resource (re)selection can be asynchronous among sidelink process.

Observation 2: Due to half duplex constraint, UE performing mode 4 sensing is not able to select a subframe, which is already selected for transmission in other carriers in the same band.
Proposal 4: Mechanism to align transmission subframe of PSCCH/PSSCH in multiple carriers is not supported in Rel-15.
3. Conclusion

In this contribution, we discuss support of carrier aggregation for V2x SL communications. Proposals are summarized below.
Proposal 1: Support option 1-1/option 1-2 for the case when UE has limited Tx capability due to (a), (b) and (c).
Proposal 2: In case of power sharing among multiple transmissions, power scaling is applied to transmission(s) associated with lower PPPP.
Proposal 3: In case of power sharing among multiple transmissions, consecutive transmissions with power scaling needs to be minimized to avoid performance loss of consecutive transmissions for certain sidelink process. Detail is FFS.
Observation 1: Trigger of resource (re)selection can be asynchronous among sidelink process.

Observation 2: Due to half duplex constraint, UE performing mode 4 sensing is not able to select a subframe, which is already selected for transmission in other carriers in the same band

Proposal 4: Mechanism to align transmission subframe of PSCCH/PSSCH in multiple carriers is not supported in Rel-15.
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