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1	Introduction
In 3GPP RAN#75, the work item on 3GPP V2X phase 2 was approved with following objectives which have impact on RAN2 [1]:
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
Carrier aggregation (CA) with up to 8 PC5 carriers is considered as a way to enhance the peak data rate from V2X performance perspective.
This contribution will discuss the issues to support CA for eV2X mode 4 UEs, and propose our company’s view for those issues [2], [3].
2	Discussion 
2.1	CA configuration for mode 4 UEs
From RAN2 perspective, we think the first consideration to support CA is how the configuration is provided and how the activation/deactivation is done for mode 4 UEs. There are two kinds of UEs operated on mode 3 or mode 4 in Rel-14 V2X. Mode 3 UEs are operated in RRC CONNECTED and transmission resource pool is dedicatedly allocated by eNB which can avoid collision of resource assignment to other UEs. In case of mode 4 UEs, it can be operated in both RRC CONNECTED and RRC IDLE and transmission resource pool is broadcast from the system information. From our view, a UE typically can be operated on the small number of carriers (i.e. less than 8 carriers) even if at most 8 carriers are supported for CA. The default carrier is used for a UE to transmit/receive the initial basic services without CA, and the additional carriers can be added in a predefined ways for CA, e.g. high PPPPs. At least this kind of information will be provided by system information for RRC IDLE UEs operated in mode 4.
Proposal 1: The default/preferred carrier and additional carriers for CA can be configured in the system information with activation information/condition, e.g. PPPPs per each carrier.
2.2	CA supporting data transmission for mode 4 UEs
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Resource reselection operation
In general, the sidelink transmission without CA is more efficient if the reserved resources are enough to convey the triggered traffic. However, there are many use cases for eV2X to increase the peak data rate [4] compared with V2X and one use case is to transmit multiple packets on multiple carriers, so that the CA is included in eV2X WID [1]. It is not always good to use the many carriers to increase the data rate, it may raises the possibility to select a highly interfered resource for the packet transmission, which increases the resource collision issue. When a UE is transmitting/receiving on a carrier, the UE cannot receive/transmit on adjacent carriers since the V2X is operated in the half-duplex. This half-duplex limitation is similar with the Rel-14 mode 4 operation which results in not all subframes in a sensing window in a carrier can be sensed. Now the situation becomes even worse when the CA is applied and the packets can be transmitted in the different subframes. In addition, UE may not have enough power to transmit above multiple packets in the same subframe. From this aspect, distributing V2X traffics on different subframes on multiple carriers seems more beneficial.
Observation 1: The limitation on transmission power favorites the distribution of V2X traffics into different subframes.
Observation 2: To minimize the impact of half-duplex, it is preferable to concentrate the V2X transmission to less number of subframes as much as possible;

As above reasons, it is beneficial to configure single subframe resources on the same subframe across the group of carriers. That is, the multi-carrier single subframe resources should be treated as a whole. By doing that, the half-duplex impact can be highly reduced since resources selected in the group of carriers by the UE are always located on the same subframe.
Proposal 2: The selected resources by MAC are cumulated into as less number of subframes as possible on multiple carriers among the available resources indicated by lower layer.
Proposal 3: UE should consider the way to select the same subframe resources across multiple carriers during resource reselection procedure.
MAC operation for data transmission
There are some use cases of CA from the transmission point of view, the multiple MAC PDUs can belong to a same high layer packet, or mapped to multiple high layer packets and each packet may be for a different service. In the above use cases, the multiple MAC PDUs for parallel transmissions can be segmented from one same high layer packet, and it may cause some problem. In general, the similar or same link performance could be expected for those multiple MAC PDUs to decode the packet successfully, but it is not always possible due to the dynamically changed link condition. 
For example, In Rel-14, congestion control is supported and works on a per carrier basis. In the scenario different carriers have different load, it is likely that some MAC PDUs in some carriers cannot be transmitted due to congestion. Since they are belonging to the same high layer packet, dropping a MAC PDU in a carrier will result in whole high layer packet fails. The transmission of remaining MAC PDUs on carriers not congested is then useless and only increase the interference level. This problem is especially critical to the sidelink transmission since there are no ARQ procedures. Therefore, it is preferred for RAN2 to consider this issue and make a solution e.g. drop all the MAC PDUs if one of them has to be failed for decoding, or secure the same levels of link quality between CA carriers by using the enhanced CBR.
Proposal 4: Similar link performance between component carriers is targeted for the multiple MAC PDUs segmented from the same high layer packet.
In the resource reselection procedure for Rel-14 V2X mode 4 [5], [6]:
· First, UE select one of the allowed values configured by upper layers in restrictResourceReservationPeriod and set the resource reservation interval by multiplying 100 with the selected value.
· UE reserves the resources with 10 * C reservation intervals, where C is randomly selected from [5, 15] for restrictResourceReservationPeriod >=1 and from [5, 15]/ restrictResourceReservationPeriod for restrictResourceReservationPeriod =1/2 or 1/5.
Moreover, resource reselection can be triggered before the reservation expires if the configured sidelink grant cannot accommodate a RLC SDU by using the maximum allowed MCS. If size of the packet for certain traffic is further increased and the reserved resources in multiple carriers cannot carry the packet, following ways can be considered 
· UE could trigger resource reselection on one carrier 
· UE could increase number of sidelink processes on one carrier
· UE could select resource on another carrier which does not have reserved resources at that moment, 
By using this solution, the persistent transmissions on most carriers are kept which is good for reservation based resource selection.
Proposal 5: Resource reselection is triggered on one or a part of the multiple carriers, when the reserved resource is not enough to transmit the packet from high layer.
For the enhanced congestion control to support CA should be considered. In Rel-14 V2X supports up to 8 PPPP levels to differentiate service priorities, and it can be applicable for Rel-14 eV2X. Assuming multiple MAC PDUs belonging to different services are transmitted on multiple carriers. Due to the independent congestion control, it is possible a carrier carrying high priority service is congested while another carrier carrying low priority services is not congested. In such a case, it is preferred to transmit the high priority service on the non-congested carrier and drop the low priority service. 
Proposal 6: In case of congestion on a carrier where a high priority service is mapped, the UE can transmit the high priority service on a carrier that is not congested.
3 Conclusion
In this contribution, we provide following proposals regarding the mode 4 CA operation:
Proposal 1: The default/preferred carrier and additional carriers for CA can be configured in the system information with activation information/condition, e.g. PPPPs per each carrier.
Proposal 2: The selected resources by MAC are cumulated into as less number of subframes as possible on multiple carriers among the available resources indicated by lower layer.
Proposal 3: UE should consider the way to select the same subframe resources across multiple carriers during resource reselection procedure.
Proposal 4: Similar link performance between component carriers is targeted for the multiple MAC PDUs segmented from the same high layer packet.
Proposal 5: Resource reselection is triggered on one or a part of the multiple carriers, when the reserved resource is not enough to transmit the packet from high layer.
Proposal 6: In case of congestion on a carrier where a high priority service is mapped, the UE can transmit the high priority service on a carrier that is not congested.
4 References
[1]	RP-170798, “New WID on 3GPP V2X Phase 2”, Huawei, CATT, LG Electronics, HiSilicon, China Unicom.
[2]	R1- 1713526, “Mode-4 support in V2X CA”, Samsung.
[3]	R1- 1713528, “Other considerations on V2X CA”, Samsung.
[4]	3GPP TR 22.886, Study on enhancement of 3GPP Support for 5G V2X Services, v15.0.0 (Release 15).
[5]	3GPP TS 36.321, Medium Access Control (MAC) protocol specification, v14.3.0 (Release 14).
[6]	3GPP TS 36.213, Physical layer procedures, v14.0.0 (Release 14).

