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[bookmark: OLE_LINK11]At the RAN1#89 meeting, the following agreements were reached for CA of Rel-15 sidelink [1]: 
· For RAN1, 3 use cases are considered for CA (Note that all use cases may not necessarily be supported):
· Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 
· Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)
· FFS at which layer replication is done
· Capacity improvements from the receiver perspective
· Note: From the receiver’s perspective, simultaneous reception over multiple carriers is assumed. From a transmitter’s perspective, transmission occurs over a subset of the available carriers
· For example, capacity could be increased a UE transmits on a single carrier (which can be different for each UE), but receives over all carriers
In this contribution, we discuss the mode 4 enhancements to support the CA based sidelink for Rel-15 V2X.
Discussion on mode 4 enhancements for Rel-15 V2X
Number of TX/RX chains
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. 
Observation 1: Carrier selection rules are needed both at the transmitter and the receiver side, and should at least partly based on the V2X service.
Supported use cases
At the last RAN1 meeting, three possible scenarios of interest were identified. In this section, we discuss each of these scenarios.
Case 1: Parallel transmission of MAC PDUs with different payloads
It is natural to support this case since it is the “classical” carrier aggregation scheme. Several problems need to be addressed, such as synchronization (discussed in a companion contribution) and power sharing across multiple carriers. 
Case 2: Parallel transmission of MAC PDUs with same payloads
For Case 2, we note that parallel transmission of replicated copies of the same packet might have benefits in terms of reliability, but would incur costs of extra processing, impact on the sensing procedure, etc. In particular, the following aspects need to be considered:
· Power sharing: if the replicated copies are simultaneously transmitted, the power will need to be shared between the carriers. This would affect the performance gains of sending replicated copies.
· Signaling: if the replicated copies are transmitted among different carriers, the association between the same data packet to the different carriers has to be defined. If we follow Rel-14 legacy design and assume that independent sensing is applied to multiple carriers, at least the following information would seem necessary to be included in the SCI:
· The carrier carrying the replicated copy (3 bits);
· The potential time between the received copy and the replicated copy (4 bits);
· The frequency location occupied by the replicated copy (8 bits if considering subchannel configuration might not be the same).
Thus, a new SCI format would need to be defined. 
Observation 2: For the replicated packet scenario, a new SCI would have to be defined.
Before moving further on the standardization of case 2, it seems necessary to evaluate the performance under various scenarios to assess if the technique is beneficial.
Case 3: Capacity improvements from the receiver perspective
As discussed above, both the Rel-14 and Rel-15 may have more than one RX chain if the ITS-safety traffic is transmitted from more than one carrier. From this point, a UE with multiple RX chains should be able to receive messages on all carriers. Besides the obvious capacity gains obtained by receiving more than one carrier, there could be some slight performance gains, such as elimination of the half duplex problem if the UE transmits on one carrier only, but receives on the others. Overall, the anticipated gains are likely to be small, and may not requires any standardization effort in RAN1. Thus, at this stage, we suggest that RAN1 focus on Case 1, while also performing further evaluation studies on Case 2 to standardize it if the gains warrant it.
Proposal 1:
· RAN1 to work on standardization aspects to support Case 1
· Further evaluations of Case 2 are conducted to see if performance gains warrant standardizing this feature
Resource selection for carrier aggregation
Resource selection was discussed at the last meeting [2]. The proposed resource selection procedure was as follows: 
· For a given packet, mode 4 resource selection follows:
· Step 0: the set of candidate carriers for transmission(s) is provided
· Step 1: For a MAC PDU corresponding to the packet, UE selects the carrier for actual transmission(s) within the carrier set provided in step 0 
· FFS if carrier priority is provided among carriers in the set
· FFS details, e.g. based on Carrier priority (if provided), and/or num. of TX chains, and/or congestion level measured in the carrier(s) within the set or UE implementation
· Step 2: UE performs the resource reservation and sensing based resource (re)selection on the carrier selected in the step 1
· Rel-14 UE behavior is the baseline
In this procedure, the sensing is done using Rel-14 UE behavior. This approach appears to be the simplest, and has been validated during the standardization of V2X in Rel-14. Thus, extending the sensing algorithm of Rel-14 to carrier aggregation is natural. There are two possible options:
· Option 1: per-carrier sensing: in this case, the Rel-14 procedure is applied independently on each carrier
· Option 2: joint sensing above all available carriers: in such a case, the resources of all carriers are treated as a single set of resources, and the UE applies the Rel-14 procedure over the entire set of resources.
By pooling all available resources, Option 2 may provide slightly better resource selection in some cases. In particular, with the Rel-14 procedure, the UE determines a set of suitable resources that is a fraction of all available resources, then randomly selects among those resources. With Option 2, the set of suitable resources would be of better quality, thus there is a slight performance benefit. However, there are advantages in using per-carrier sensing: first, if congestion control is applied, congestion is evaluated on a per-carrier basis. Second, there could be per-carrier service allocation, with e.g., some carriers for ITS safety messages, and carriers for other services. In such a case, it would not necessarily be useful to treat all the available carriers are one bundle. Therefore, at this stage, we propose to focus on Option 1.
Proposal 2: per-carrier sensing and resource allocation is the baseline
· The Rel-14 resource allocation is applied on a per-carrier basis

[bookmark: _Ref129681832]Conclusions
In this contribution, we discuss the mode 4 enhancements to support the CA based sidelink for Rel-15 V2X. According to the discussion, we have the following conclusions: 
Observation 1: Carrier selection rules are needed both at the transmitter and the receiver side, and should at least partly based on the V2X service.
Observation 2: For the replicated packet scenario, a new SCI would have to be defined.
Proposal 1:
· RAN1 to work on standardization aspects to support Case 1
· Further evaluations of Case 2 are conducted to see if performance gains warrant standardizing this feature
Proposal 2: per-carrier sensing and resource allocation is the baseline
· The Rel-14 resource allocation is applied on a per-carrier basis
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