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Introduction
RAN plenary #75 approved a work item for 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886. The following topics are part of the detailed objectives of this work item:
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;
In this contribution we discuss item a). In companion papers [1], [2], and [3]we discuss b), c), and d) respectively.
eV2X Tx Multicarrier Scenarios 
Multicarrier tx capabilities in the UE should provide improved KPIs both from link and system perspectives. We list here a few scenarios enabled by multicarrier capabilities and that we suggest supporting in the WID:
1. CA: Improved peak-rate and system capacity: in this case a UE exploits multi-carrier tx capabilities to exploit free resources over multiple carriers for a given data transmission. The gain in terms of single UE rate translates also in a system level gain.
2. MC_Div: Improved reliability: in this case diversity for a certain data transmission is achieved by using multiple carriers to transport the same data and SCI, thus leveraging on macro-diversity across carriers and redundancy in the transmitted data. We note that soft combination is possible across carriers so that the effective link budget for a certain transmission is improved, so a further benefit is extended range for certain transmission.
Proposals:
· Support the following tx multicarrier scenarios:
1. CA for improved data-rate by splitting a given higher-layer data payload over multiple carriers.
2. MC_Div for improved range and reliability with the possibility to soft-re-transmit a given TB over multiple carriers.

Multicarrier transmission capability enables the above scenarios. We distinguish two types of capabilities at the transmitter side:
1. Dynamic carrier selection: the UE dynamically switches across tx carriers, a single returnable tx chain is sufficient.
2. Carrier aggregation: the UE can simultaneously transmit over multiple carriers.
We believe that both above capabilities should be supported by the CA schemes we propose for eV2X.
Proposals:
· Support both dynamic tx CC selection and simultaneous tx over multiple carriers.

eV2X Rx Multicarrier Scenarios 
From a rx perspective, we wish to support as many enhancements as possible irrespective of the number of rx chains capability in the rx UE. Clearly, a UE with additional capability should benefit from enhanced performance, but the protocols should enable reception also for UEs with single rx chain, in most cases.
The only exception we identify is the case where a UE transmits different payload bits over different carriers (CA case), in which case a UE with single rx chain is clearly unable to detect correctly.
From a rx perspective we do not see the point of supporting dynamic carrier switching. A UE should better monitor multiple carriers (depending on its UE capability) continuously also to capture the associated SCI.
Proposals:
· A single rx chain UE should be able to detect data by UEs performing MC_Div.
· From a rx perspective there is no clear need to support dynamic carrier switching.

Protocol Aspects
Some updates to the SCI may be considered in order to signal transmissions that span across carriers. Such changes are not strictly necessary but they provide redundancy in the control information, which improves reliability. Transmission of the same data payload across carriers (MC_Div case) can be achieved as a special case of HARQ transmission.
When it comes to L2/L3 protocols we do not see the need for major changes to support the above scenarios. In case of CA we see that the RLC/PDCP protocols provide packet reordering, while for MC_Div the same MAC PDU is transmitted over multiple carriers (scheduled by a single or duplicated SCI) and packets are recombined at L1.
Proposals:
· SCI changes are useful to provide redundancy of control information across CCs.
· No major changes to L2/L3 protocols are needed to support CA and MC_Div scenarios.

Sensing
We do not see reasons to change the sensing protocol. Every CC is sensed independently and a UE must sense a carrier according to legacy procedures before potentially transmitting over it.
Proposals:
· Every CC is sensed independently and a UE must sense a carrier according to legacy procedures.

Multicarrier Synchronization
We think it is reasonable to assume that all aggregated carriers share the same synchronization reference at a given time (GNSS, eNB or SLSS). If a UE has multicarrier tx capabilities it should transmit SLSS on multiple carriers according to its (pre)configuration.
Proposal:
· All aggregated carriers share the same synchronization reference at a given time (GNSS, eNB or SLSS).
Congestion Control, TMs and Carrier(s) Selection
Channel Busy Ratio and Channel Resource (CBR/CR) measurements should be performed independently per configured carriers and reported to the eNB as such. The congestion control mechanism acts independently per carrier. 
It makes sense that a UE is configured with a single common TM across all configured carriers.
In TM3 the DCI format should indicate the carrier(s) used for transmission of a certain TB.
In TM4, out of a certain a certain number of CCs that are made available to the UE, the choice of the CC(s) that are most suitable for a certain data transmission is left for UE implementation. 
Proposals:
· A UE is configured with a single TM over all PC5 CCs at a given time.
· In TM3 the DCI format should indicate the carrier(s) used for transmission of a certain TB
· In TM4, assuming a certain number of CCs that are made available to the UE, the choice of the specific CC(s) that are most suitable for a certain data transmission is left for UE implementation. The SCI format should indicate the carrier(s) used for transmission of a certain TB
· Congestion control and associated procedures are performed independently per configured CC.

Conclusions
Proposals:
· Support the following tx multicarrier scenarios:
1. CA for improved data-rate by splitting a given higher-layer data payload over multiple carriers.
2. MC_Div for improved range and reliability with the possibility to soft-re-transmit a given TB over multiple carriers.
Proposals:
· Support both dynamic tx CC selection and simultaneous tx over multiple carriers.
Proposals:
· A single rx chain UE should be able to detect data by UEs performing MC_Div.
· From a rx perspective there is no clear need to support dynamic carrier switching.
Proposals:
· SCI changes are useful to provide redundancy of control information across CCs.
· No major changes to L2/L3 protocols are needed to support CA and MC_Div scenarios.
Proposals:
· Every CC is sensed independently and a UE must sense a carrier according to legacy procedures.
Proposal:
· All aggregated carriers share the same synchronization reference at a given time (GNSS, eNB or SLSS).
Proposals:
· A UE is configured with a single TM over all PC5 CCs at a given time.
· In TM3 the DCI format should indicate the carrier(s) used for transmission of a certain TB
· In TM4, assuming a certain number of CCs that are made available to the UE, the choice of the specific CC(s) that are most suitable for a certain data transmission is left for UE implementation.
· Congestion control and associated procedures are performed independently per configured CC.
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