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Introduction
In RAN1#91, the following agreements were made for mode-4 operation of CA on PC5.
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 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 present our solution choice for mode-4 operation of CA on PC5. 
Mode-4 aspects for CA
Resource (re)selection
When using mode-4 resource allocation, a UE autonomously performs scheduling using sensing procedure. The physical layer senses the V2X resource pool, it passes to MAC a set of candidate resources which are deemed to be free by the sensing procedure, and finally MAC performs selection/reselection (including booking) of resources for transmission from the above set.
In RAN1#90, it was agreed to support, at least, Rel-14 per-carrier independent sensing procedure and resource (re)selection. Moreover, in RAN1#90bis, it has been agreed that for carrier aggregation sensing always uses the Rel-14 UE procedure. In RAN1#91, limited UE capability from TX perspective was defined and it was agreed that the resource selection procedure take such TX limitations into account into account. We believe that the straight forward approach to this is to exclude the subframe from the reported candidate resource set if using that subframe exceeds the TX capability of the UE. 
PHY excludes the subframes that do not meet the TX capability from the resource set to be reported to higher layers. 
In addition, many companies [1] reported that in case of carrier aggregation, the PRR performance may degrade also due to the following reasons.
· Lower availability of resources for transmissions: This may happen due to the following reasons.
· Half-duplexing restriction of UE i.e. a UE transmitting (or receiving) in a subframe cannot simultaneously receive (or transmit) in the neighbouring sub-channels (either in same band i.e. intra-band or in some combinations of different bands i.e. inter-band). This results in increase in PRR due to non-availability of the resources for transmissions. 
· Lower transmission power: Due to power distribution among simultaneous transmissions in the same subframe, a power limited UE may suffer decrease in performance as compared to single transmission.    
The natural solution to limit the half-duplex problem and increase the PRR performance is to perform resource (re)selection in a way that same subframe is used for the transmissions on aggregated carriers [2]. That is, parallel transmissions of MAC PDUs on the component carriers are always transmitted on same subframes so that a UE can sense and/or receive in all the remaining subframes where it is not transmitting. On the other side, this may also lead to degradation of PRR performance due to UE power limitation. Therefore, a solution to one problem will generate another problem with the same eventual effect on performance. 
Observation 1 	UE half-duplex and power limitation are two problems with contradicting solutions and with similar effect on performance. 
Furthermore, specifying such MAC procedures will not only allow for inter-dependencies between different carriers, that is, a resource selection on one carrier will influence the resource selection on the other component carrier but also require a large normative work to determine the correct MAC procedures. For instance, when to allow/restrict selection of resource on same subframe and which parameters or rules to use to determine the correct resource (re)selection procedure etc.    
Observation 2 	Limiting half-duplex problem not only leads to inter-dependencies on resource (re)selection procedures for different carriers but also require large normative work. 
Also note that similar problem related to half-duplex exists in case of Rel.14 multi-carrier transmissions.  
We believe that independent resource (re)selection without any extra restrictions should be performed by higher layer based on the set of resources reported by the PHY layer. In other words, a resource selected for one carrier should not affect the resource selected for the other component carrier for parallel transmissions of MAC PDUs. Furthermore, if a power limitation case arises when transmissions on different carriers happen at same subframes, a PHY layer can drop the scheduled packet (i.e. mute the transmission) following legacy LTE behaviour. 
Observation 3	In case of power limited UE, a transmission of a MAC PDU can be dropped if necessary.
Also, note that TX capability limitation due to PSD imbalance can also be resolved by dropping the transmission by the UE.
Observation 4	In case of limited TX capability due to PSD imbalance, a transmission of a MAC PDU can be dropped. 
Proposal 2 	MAC layer independently selects the resources from the reported resource set and PHY may drop the transmission if necessary.
Based on the observations, we propose the following:
Proposal 3	Adapt Option 1-1 for (a), (b) and (c) with the possibility of UE dropping the transmission on a certain carrier if necessary.
Furthermore, some rules based on CBR and PPPP need to be specified when it comes to UE dropping procedure. For instance, a MAC PDU with lower PPPP is dropped if necessary. Similarly, if both MAC PDU have same PPPP, transmission on carrier with higher CBR can be dropped. 
Proposal 4	Dropping rules for MAC PDU are based on PPPP and CBR. 
Conclusion
In Section 2, we made the following observations:
Observation 1 	UE half-duplex and power limitation are two problems with contradicting solutions and with similar effect on performance. 
Observation 2 	Limiting half-duplex problem not only leads to inter-dependencies on resource (re)selection procedures for different carriers but also require large normative work. 
Observation 3	In case of power limited UE, a transmission of a MAC PDU can be dropped if necessary.
Observation 4	In case of limited TX capability due to PSD imbalance, a transmission of a MAC PDU can be dropped. 
Based on the discussion and observations, we made the following proposals.
1. PHY excludes the subframes that do not meet the TX capability from the resource set to be reported to higher layers. 
Proposal 2 	MAC layer independently selects the resources from the reported resource set and PHY may drop the transmission if necessary.
Proposal 3	Adapt Option 1-1 for (a), (b) and (c) with the possibility of UE dropping the transmission on a certain carrier if necessary.
Proposal 4	Dropping rules for MAC PDU are based on PPPP and CBR.
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