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At the RAN1 #90 meeting, the following agreements were reached [1]: 
· At least Rel-14 per-carrier independent sensing procedure and resource (re)selection is supported
· FFS whether other solution is needed
· FFS if sensing on multiple carriers as a single set of resources is supported
· FFS is sensing can be done on a per-carrier basis, but resource selection can be different than Rel-14 UEs
In addition, the following working assumption was made [1]:
·  Any sensing and resource (re)selection procedure uses the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4. Additional rules for resource exclusion of resources is not precluded after the procedure.
In this contribution, the remaining issues of sensing and resource (re)selection for carrier aggregation are discussed. Resource selection on a given carrier, as well as carrier selection rules are both discussed.
Sensing and resource (re)selection for CA
Joint sensing vs. independent sensing
It was agreed to support at least per-carrier independent sensing. Joint sensing could be another possibility. With joint sensing, the UE lumps the resources on all carriers are one set of resources, and performs the resource allocation on this set of resource. Joint sensing is shown in Figure 1. 
[bookmark: _GoBack][image: ]
Figure 1. Resource set across multiple carriers for joint sensing
Joint sensing across multiple carriers must be done with the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4: the parameters across carriers, such as the sub-channel size, CBR levels, PSSCH-RSRP thresholds, are defined on a per-carrier basis, and could be different from carrier to carrier.  This constraint, necessary for backwards compatibility, makes the design of a joint sensing procedure difficult. In addition, joint sensing requires more standardization effort.
With joint carrier sensing, a UE may obtain a better set of candidate resources. However, unless a strong benefit is shown, we think that per-carrier sensing is sufficient. 
Proposal 1: Only per-carrier independent sensing is supported for CA.
Independent resource (re)selection
The resource selection has to be compatible with the Rel-14 procedure. In essence, this means that a Rel-15 UE may only exclude more resources than what a Rel-14 UE would do, and would have a smaller resource candidate set. Considering the practical implications, such as: carriers having potentially different sub-channel sizes, priority levels, etc., it seems unlikely that a joint resource (re)selection approach would yield significant benefit, and our preference is to use independent, per-carrier, resource (re)selection.
Proposal 2: Only per-carrier independent resource (re)selection is supported for CA.
Power sharing
When selecting resources on different carriers in a same TTI, the procedure to share the power between carriers has to be discussed. 
For Rel-14 V2X, the transmit power is determined as follows (the PSSCH power without CBR for mode 4 is taken as an example [2]): 




First, the Rel-14 V2X mechanism can be independently used on each carrier to determine the transmit power on each carrier. If the total transmit power does not exceed the UE maximum power, transmission can occur as is. However, if the power exceeds the total available power, different options can be considered:
· Reduction in transmit power, e.g., with rules similar than for cellular carrier aggregation. All TBs can be transmitted, but the transmission range is reduced. One problem with this approach is that sensing will be affected since the transmission power may vary over time.
· Dropping TBs: TB(s) with lower priority is not transmitted. This has a negative impact on latency and reliability of lower priority packets. Furthermore, if the reservation intervals on different carriers are the same, the TB dropping will continue until resource reselection.
Proposal 3: When the UE maximum transmit power is not enough for multiple TB transmissions in the same TTI, power sharing and TB dropping based on priority level are applied.
Carrier selection rules
General principles
The number of TX/RX chains in the UE may not be well matched to the number of carriers assigned for a particular type of V2X service subject to spectrum regulation. Taking the spectrum allocation in Europe as an example, 30MHz out of 70MHz are currently allocated for ITS-safety-related services. If the number of RX chains is less than three, assuming the typical 10MHz channelization, the UE would need an “anchor” carrier(s) to monitor. In turn, this puts restrictions on the transmitter side with regard to selecting carrier(s) for data transmission. Therefore, some carrier selection rules need to be defined. In any case, Rel-14 basic safety services should always be transmitted or monitored.
Proposal 4: Rel-14 basic safety services should always be transmitted or monitored to ensure service quality.
For other services, a solution is to have given services mapped to carriers. This way, a UE only monitors and/or transmits on the carriers for the services it is interested in. 
Proposal 5: UE selects a transmit/receive carrier set according to its service type and the services supported on these carriers.
Details of the carrier selection
At the RAN1 #90 meeting, the following agreements were reached [1]: 
· Higher layer semi-statically provides potential carrier(s) for Tx and Rx for CA
· FFS how Tx carrier(s) is(are) selected within the set of potential Tx carrier(s)
· Send LS to RAN2 cc SA2 to inform them of this assumption (including the note)
· Note: it is RAN1 understanding that the higher layers will take other constraints (e.g., UE capability, services, etc.) into account when providing the set of potential carrier(s)
When a UE has limited RF capability and cannot receive on all carriers, based on the agreement, two options can be considered:
· Option 1: A UE always transmits/receives on fixed carriers that are semi-statically selected.
The carriers to be monitored can be indicated by eNB, or can be chosen by UE higher layer according to the service type. Carrier switching can only happen relatively infrequently, e.g. when the Rx UE is not interested in a service any more.
· Option 2: A UE receives/transmits on carriers that are dynamically selected.
This solution is more flexible. However, frequent switching impacts the resource selection, since it may impact UEs performing sensing during the 1s window. Thus, transmitting UEs should not use this solution. However, for UE reception, this option could be used without performance degradation.
Proposal 6: 
· The set of TX carriers is semi-statically selected.
· The set of RX carriers is at least semi-statically selected. 
· FFS if dynamic selection is supported.
 Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the remaining issues of sensing, resource (re)selection for carrier aggregation and carrier selection rules are discussed and the following conclusions are made:
Proposal 1: Only per-carrier independent sensing is supported for CA.
Proposal 2: Only per-carrier independent resource (re)selection is supported for CA.
Proposal 3: When the UE maximum transmit power is not enough for multiple TB transmissions in the same TTI, power sharing and TB dropping based on priority level are applied.
Proposal 4: Rel-14 basic safety services should always be transmitted or monitored to ensure service quality.
Proposal 5: UE selects a transmit/receive carrier set according to its service type and the services supported on these carriers.
Proposal 6: 
· The set of TX carriers is semi-statically selected
· The set of RX carriers is at least semi-statically selected. 
· FFS if dynamic selection is supported
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