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At RAN #75, a new WI for 3GPP V2X Phase 2 was approved [1]. Carrier aggregation on PC5 will be supported: 
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);
At RAN 1 #90bis, the V2X Carrier aggregation synchronization related work assumption [2] are shown as follows, 
Working assumption:
· From the transmitting UE perspective, a single synchronization reference is used for all aggregated carriers
· When a UE transmits multiple MAC PDUs on multiple carriers, timing on all transmission carriers is aligned
 At RAN1#91, the V2X Carrier aggregation synchronization related agreements [3] are shown as follows,
Agreement
· Higher layers can configure set of carrier(s) (Set-A) that can potentially be used as the synchronization carrier for the potential carriers configured for Tx and Rx for CA
· If this set is empty, Rel-14 independent synchronization is used per carrier
· RAN1 assumes that carriers can only be aggregated in this behaviour if they use the same synchronization reference (e.g. GNSS, or same eNodeB)
· If this set is non-empty:
· Set-A must be a subset of the set of potential carriers configured for Tx and Rx for CA
· Note: this includes the case when Set-A is the same as the set of potential carriers configured for Tx and Rx for CA
· Note: At any given time, the UE may not be capable of reception and/or transmission on one or more of the configured synchronization carriers due to limited Rx and/or Tx chains
· UE determines the available set of synchronization carriers (Set-B) as the subset of Set-A based on the carriers which the UE is currently aggregating.
· Note: This does not exclude the UE implementation or proper higher layer configuration that allows Set-B to be the same or a subset of Set-A by choosing the carriers its aggregating.
· Within the Set-B of available set of synchronization carriers: 
· If no potential synchronization carrier is present, Rel-14 behaviour of independent synchronization per carrier is assumed.
· If only one potential synchronization carrier is present, UE shall use derive time/frequency of all the aggregated carriers from the synchronization reference of the synchronization carrier.
· If two or more potential synchronization carriers are present, FFS how the UE selects one of the carrier to be used as the synchronization carrier.
· The following working assumption is confirmed in the context of this agreement
· From the transmitting UE perspective, a single synchronization reference is used for all aggregated carriers
· When a UE transmits multiple MAC PDUs on multiple carriers, timing on all transmission carriers is aligned
· Working assumption: From the receiving UE perspective, a single synchronization reference is used for reception of all aggregated carriers
· This does not preclude UE to monitor different synchronization sources on the different carriers
· Note that the terminology used in this agreement (e.g. synchronization carrier, Set-A, Set-B) are limited to this agreement.
At RAN1#92, the V2X Carrier aggregation synchronization related agreements [4] are shown as follows,
Agreement: 
· Working assumption is confirmed that, from the perspective of the receiving UE, a single synchronization reference is used for reception of all aggregated carriers at a given time. 
Agreement:
· If two or more potential synchronization carriers are present in Set-B, select the carrier in Set-B with highest Rel-14 priority sync reference. Carrier is not reselected unless synchronization is lost. Rel-14 procedure applies to the selected carrier.
· A UE may assume that the configuration for sync reference priority is the same across all the aggregated carriers in CA. 
Agreement: 
· It is RAN1 understanding that the DFN value is common to all aggregated carriers.
· RAN1 assumes that the DFN offset value is common to all aggregated carriers from a UE point of view.
Agreement: 
· UE may assume number and location of SLSS resources is the same in all the aggregated carriers.
· RAN1 assumes a UE may be configured a non-synchronization carrier by defining the location of the SLSS resources and by configuring the UE to not transmit SLSS on that carrier.
· Check until RAN1#92bis whether the existing signalling is sufficient for this
· FFS how to ensure the above when using preconfiguration.
Working Assumption: 
· The UE is configured one of the following options:
1. SLSS is transmitted (based on Rel-14 procedure) on selected sync carrier from Set-B
2. SLSS is transmitted on all carriers from Set-B
· FFS until RAN1#92bis: how to handle limited TX capabilities (within the constraint that SLSS must at least be transmitted on the selected sync carrier), and details such as SLSS id, PSBCH contents, etc.
· Each option is an independent UE capability
· On top of this, Release-14 configuration applies to each carrier individually
· After conclusion on the above FFS point, consider whether it is possible to downselect between the two options.
This paper is the revision of R1-1802078. According to the objects of WI for 3GPP V2X Phase 2 and previous meeting discussion, we will focus on synchronization aspects to support for carrier aggregation, including half duplex issue, and SLSS transmission related to the above FFS.
Discussion on Synchrnonization Aspects for Sidelink Carrier Aggregation 
In LTE R14, three types of synchronization sources GNSS, eNB and UE (deriving timing from GNSS, eNB, other UEs) can be used for sidelink synchronization on V2V carrier. The support of SLSS based synchronization is up to UE capability, The V2X capable UE is expected to support at least GNSS and eNB as a synchronization reference.
For carrier aggregation up to 8 PC5 carriers, to consider the synchronization issues of the different carriers, the synchronization offset of different carriers should be focused on. If the synchronization source is performed independently in each carrier, it may be caused by the different synchronization configuration in the different carrier, and there would be timing misalignment among different carriers. The direct effect is that the subframes in different carriers cannot be aligned.  According to RAN 1 # 90bis working assumption, from the transmitting UE perspective, a single synchronization reference is used for all aggregated carriers and the UE transmits multiple MAC PDUs on multiple carriers, timing on all transmission carriers is aligned. The working assumption is confirmed in RAN1#91, and hence the differential timing on transmission carrier doesn’t happen. However, several carrier aggregation synchronization issues, as described in the following, still need to be handled. 
Half duplex issue in V2X Carrier Aggregation 
Base on the parallel transmission on the multiple carriers are synchronized, if the aggregation carriers are grouped. However, based on the scheme will have several concerns that should be considered. The impact of half-duplex is one of issue in CA that has to be handled firstly. 
Therefore, we have several observations in this issue:
Observation 1: Only consider on Rel-15 UE, the UE will use the signal synchronization reference to transmit on the multiple carriers. If there are two or more different CC group, i.e. CC#1 and CC#2. The CC#1 can be treated as primary carrier, and its synchronization reference will be used for the parallel transmission on CC#1 and CC#2. However, Re1-15 UE have to co-exist Rel-14 UE, hence the described method maybe have some backward compatibility issues. 
Observation 2: The synchronization reference is per carrier pre-configured in the Rel-14 UE. Under the condition, the Rel-14 cannot receive the transmission on CC#2 which is aligned with the timing reference from CC#1.  
Observation 3: Even if the timing and SLSS/PSBCH are aligned, the half-duplex issue still exist on carrier aggregation.
Observation 4:  The half-duplex issue in carrier aggregation will reduce spectrum and the transmission resources efficiency. 
Proposal 1: Introducing a specific mechanism or specific information in SLSS/PSBCH for solving the half-duplex issue, the specific mechanism or specific information on SLSS/PSBCH should be FFS.
SLSS Transmission 
SLSS needs to be transmitted on all carriers for Rel-15 V2X UEs in the synchronization of carrier aggregation for the following considerations:
(a) For the considerations that Re1-15 V2X UEs may coexist with Rel-14 V2X UEs. The synchronization source type that can be used by Rel-14 V2X UEs is configured and can be synchronized GNSS、 eNB and UE (deriving timing from GNSS, eNB, other UEs). For shared carriers between Rel-14 and Rel-15 V2X UEs, the Rel-14 V2X UEs don’t get any synchronization information from Rel-15 V2X UE. Hence, the Rel-15 V2X UE needs to provide synchronization information to Rel-14 V2X UEs. Thus, SLSS needs to be transmitted on all carriers for Re1-15 V2X UEs coexists with Rel-14 V2X UEs and Rel-14 V2X UEs are potentially present.
(b) For the considerations that carrier re-selection may be triggered for Rel-15 V2X UEs. Carrier re-selection will be triggered for example when collision of selected resource is significant for Rel-15 V2X UEs in the selected carrier. Hence, a Rel-15 V2X UE should transmit SLSS on the carriers even if the UE is not currently involved into sidelink communication (i.e. PSCCH/PSSCH transmission) on the carriers, because the UE may trigger and re-select the other carriers for sidelink communication. Thus, SLSS needs to be transmitted on all carriers for Rel-15 V2X UEs in the synchronization of carrier aggregation.
Besides, TX capabilities also should be considered in synchronization of carrier aggregation. If there is no limitation in terms of TX capabilities, Rel-15 UEs can transmit SLSS on all carriers at a time. However, when the Rel-15 UEs have limited amount of TX chains, e.g. number of TX chains < number of component carriers (CCs), and the UEs need to switch TX chains in order to transmit SLSS on all carriers. For example, a UE with single TX chain can transmit SLSS only on one CC at a time. In this case, the CC should be either pre-configured by high layer or selected by the UE for SLSS transmission. And the details of UE behavior in terms of SLSS transmission across CCs need further discussion, for example the UE with single TX chain can switch the TX chain to transmit SLSS on another CC at the next SLSS period.
Furthermore, for the details such as SLSS id and PSBCH contents in the synchronization of carrier aggregation, SLSS transmission on a certain carrier may be based on SLSS reception in another carrier in case of CA. This is because that a single synchronization reference is used for all aggregated carriers from the transmitting and receiving UE perspectives, which are agreed in RAN1#91 and RAN1#92 respectively. Hence, the transmitted SLSS(s) need to determine SLSS-id and PSBCH contents based on the highest priority synchronization source from SLSS reception. For backward compatible to Rel-14 V2X, the priority orders of synchronization sources in each carrier for Rel-15 V2X UEs can adopt the priority orders agreed in Rel-14 V2X WI [5] for less standard impact in 3GPP V2X Phase 2 WI. Similarly, the SLSS id and PSBCH contents for Rel-15 V2X UEs also can re-use the related agreements in Rel-14 V2X WI for backward compatibility. The related agreements in Rel-14 V2X WI [5-7] are shown as follows,
Agreements:
· For the V2V PC5 SLSS
· If the vehicle UE has selected the GNSS as syncRef and acts as a synchronization source, SLSS ID is set to 0 for SLSS transmissions.
Agreement:
· PSBCH contains 48 bits
Agreements:
· PSBCH content for Rel-14 V2X is the same as what is in Rel-12 spec.
Agreements:
· SLSS ID is randomly chosen from {170,…,335} with uniform probability for standalone UE.
· When three resources are configured, 
· SLSS ID 169 is used for OoC UE indirectly synchronized to GNSS (i.e. UE synchronized to SLSS ID=0 with InC bit=0 in resource 3)
· OoC UE directly synchronized with GNSS should read PSBCH from another UE of resource 1 and resource 2, if the UE has capability.
And, Set-B based on the carriers which the UE is currently aggregating is defined and agreed in RAN1#91. Therefore, we propose the option that SLSS is transmitted on all carriers from Set-B for the working assumption in the synchronization topic of carrier aggregation in RAN1#92 meeting.
Proposal 2: When the Rel-15 V2X UEs have limited TX capability, i.e. number of TX chains < number of component carriers (CCs), the UEs need to switch TX chains in order to transmit SLSS on all carriers. The details of UE behavior in terms of SLSS transmission across CCs are FFS.
Proposal 3: SLSS-id and PSBCH contents for Rel-15 V2X UEs are based on the highest priority synchronization source from SLSS reception and the related agreements about priority order of synchronization source, SLSS-id and PSBCH contents in Rel-14 V2X WI can be re-used for Rel-15 V2X UEs. 
Proposal 4: SLSS is transmitted on all carriers from Set-B for Rel-15 V2X UEs.
Conclusion
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Observation 2: The synchronization reference is per carrier pre-configured in the Rel-14 UE. Under the condition, the Rel-14 cannot receive the transmission on CC#2 which is aligned with the timing reference from CC#1.  
Observation 3: Even if the timing and SLSS/PSBCH are aligned, the half-duplex issue still exist on carrier aggregation.
Observation 4:  The half-duplex issue in carrier aggregation will reduce spectrum and the transmission resources efficiency. 
Proposal 1: Introducing a specific mechanism or specific information in SLSS/PSBCH for solving the half-duplex issue, the specific mechanism or specific information on SLSS/PSBCH should be FFS.
Proposal 2: When the Rel-15 V2X UEs have limited TX capability, i.e. number of TX chains < number of component carriers (CCs), the UEs need to switch TX chains in order to transmit SLSS on all carriers. The details of UE behavior in terms of SLSS transmission across CCs are FFS.
Proposal 3: SLSS-id and PSBCH contents for Rel-15 V2X UEs are based on the highest priority synchronization source from SLSS reception and the related agreements about priority order of synchronization source, SLSS-id and PSBCH contents in Rel-14 V2X WI can be re-used for Rel-15 V2X UEs. 
Proposal 4: SLSS is transmitted on all carriers from Set-B for Rel-15 V2X UEs.
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