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Introduction
Agreements in RAN1#91 meeting.
Agreements:
· 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.
· [bookmark: _Hlk510291917]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.
Agreements in RAN1#92 meeting.
Agreements:
· 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. 
· 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.
Agreements:
· 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. 

In this contribution, we will further discuss the remaining issues related to the synchronization of sidelink carrier aggregation. 
Discussion
SLSS/PSBCH transmission
According to the agreement of RAN1#91 meeting, a potential synchronization carrier set is configured by higher layer, i.e., Set-A, and two kinds of behaviors are defined as below depending on this configuration and carrier selection.
Behavior 1: If the synchronization carrier is not present, i.e., empty Set-A or no potential synchronization carrier is present within Set-B cases, Rel-14 independent synchronization is used per carrier.
Behavior 2: If one or more potential synchronization carriers are present within Set-B cases, UE selects one carrier from Set-B to be used as the synchronization carrier and derives time/frequency of all the aggregated carriers from the synchronization reference of the synchronization carrier.
For behavior 1, since Rel-14 behavior of independent synchronization per carrier is assumed, it is a straightforward approach to transmit the SLSS according to the mechanism defined in Rel-14 for these cases. This is also important to the co-existence of Rel-14 and Rel-15 UEs. And for the issue of UE’s limited TX capabilities, it can be left to UE implementation to determine on which carrier(s) the SLSS should be transmitted.
Proposal 1: For empty Set-A or empty Set-B cases, whether/how the SLSS is transmitted on each aggregated carrier is determined based on Rel-14 procedure. 
· Note: If the SLSS transmissions on multiple CCs are beyond the UE’s TX capabilities, up to UE implementation to determine on which carrier(s) the SLSS should be transmitted.
For behavior 2, a WA was achieved at RAN1#92 meeting, and two kinds of options are listed as below:
· SLSS is transmitted (based on Rel-14 procedure) on selected sync carrier from Set-B
· SLSS is transmitted on all carriers from Set-B
According to the agreements at RAN1#91, for behavior 2, a UE may assume that the configuration for the synchronization reference priority is the same across all the aggregated carriers in CA. Furthermore, it also means that all the carriers in Set-B may have the same synchronization reference priority. So, from this perspective, SLSS can be transmitted on all carriers from Set-B if all the carriers in Set-B have the same synchronization reference priority. For instance, if the synchronization carrier is present, SLSS should be transmitted (based on Rel-14 procedure) on the selected sync carrier from Set-B and SLSS can be transmitted on one carrier from Set-B if the configuration for the synchronization reference priority on that carrier is the same as the selected sync carrier. 
But on the other hand, if one potential synchronization carrier is present, the UE shall derive time/frequency of all the aggregated carriers from the synchronization reference of the selected synchronization carrier which does not exclude the cases where the other aggregated carriers in Set-B may have different synchronization references other than the synchronization reference of the selected synchronization carrier in Set-B. From this point of view, it is better to only send the SLSS on the selected synchronization carrier from Set-B. 
Proposal 2: If the synchronization carrier is present, down-select the following option for SLSS transmission:
· SLSS is transmitted (based on Rel-14 procedure) on selected sync carrier from Set-B. 
Synchronization resources
According to the agreement at RAN1#92 meeting, the UE may assume the number and location of SLSS resources is the same in all the aggregated carriers. But as we discussed in section 2.1, the SLSS may only be transmitted on some of the potential sync carriers from Set-B. So, we have an agreement that 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. And the remaining issues for this behavior were also discussed in the last meeting as follows:
· 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.
For eNB configuration scenarios, eNB can control the UE’s SLSS transmission, as described in below in 36.331
	1>	if in coverage on the frequency used for V2X sidelink communication, as defined in TS 36.304 [4, 11.4]; and has selected GNSS or the cell as synchronization reference as defined in 5.10.13.3; or
1>	if out of coverage on the frequency used for V2X sidelink communication, as defined in TS 36.304 [4, 11.4], and the frequency used to transmit V2X sidelink communication is included in v2x-InterFreqInfoList in RRCConnectionReconfiguration or in v2x-InterFreqInfoList within SystemInformationBlockType21 of the serving cell/ PCell; and has selected GNSS or the cell as synchronization reference as defined in 5.10.13.3:
2>	if in RRC_CONNECTED; and if networkControlledSyncTx is configured and set to on; or
2>	if networkControlledSyncTx is not configured; and for the concerned frequency syncTxThreshIC is configured; and the RSRP measurement of the reference cell, selected as defined in 5.10.13.3, for V2X sidelink communication transmission is below the value of syncTxThreshIC:
3>	transmit SLSS on the frequency used for V2X sidelink communication in accordance with 5.10.7.3 and TS 36.211 [21];
3>	transmit the MasterInformationBlock-SL-V2X message on the frequency used for V2X sidelink communication, in the same subframe as SLSS, and in accordance with 5.10.7.4;


In the exiting signaling, networkControlledSyncTx is configured for all the carriers, and syncTxThreshIC is configured per carrier and could be configured to -infinity or +infinity. From the text above, eNB can configure the UE to not transmit SLSS on a certain carrier by not configuring networkControlledSyncTx or configuring networkControlledSyncTx to off and configuring syncTxThreshIC of that carrier to -infinity.
Observation 1: The existing signalling is sufficient to configure a non-synchronization carrier for a UE by defining the location of the SLSS resources and by configuring the UE to not transmit SLSS on that carrier.
Proposal 3:  Use the exist Rel-14 signalling to configure a UE a non-synchronization carrier.
One FFS from RAN1#92 meeting is how to ensure:
· 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.
when using preconfiguration. The existing rules for preconfiguration in 36.331 is shown below:
	2>	for the frequency used for V2X sidelink communication, if syncOffsetIndicators is included in SL-V2X-Preconfiguration:
[bookmark: OLE_LINK145]3>	if syncTxThreshOoC is included in SL-V2X-Preconfiguration; and the UE is not directly synchronized to GNSS, and the UE has no selected SyncRef UE or the S-RSRP measurement result of the selected SyncRef UE is below the value of syncTxThreshOoC; or
3>	if the UE selects GNSS as the synchronization reference source:
4>	transmit SLSS in accordance with 5.10.7.3 and TS 36.211 [21];
4>	transmit the MasterInformationBlock-SL-V2X message, in the same subframe as SLSS, and in accordance with 5.10.7.4;


According to the above text, the syncTxThreshOoC can be configured to a proper value to ensure the UE does not transmit SLSS on a certain carrier when the UE is not directly synchronized to GNSS. But for the cases related to the UE being directly synchronized to GNSS, the UE shall transmit SLSS on the carriers it used based on the Rel-14 rules. But in our point of view, if the UE is directly synchronized to GNSS, then all the carriers have the same synchronization reference and SLSS can be transmitted on all the carriers (with the constraint of UE’s TX capability) and the necessity and motivation of configuring a non-synchronization carrier is not clear, moreover, it may cause a lot of normative work to support it when using preconfiguration. So, we propose not to configure non-synchronization carrier(s) for OoC cases and the UE will use the existing Rel-14 rules to determine whether/how SLSS is transmitted on the aggregated carriers when using preconfiguration and also with the constraint of UE’s limited TX capabilities. 
Proposal 4: When using preconfiguration, SLSS is transmitted based on Rel-14 rules (with the constraint of UE’s TX capabilities).
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this paper, the synchronization problems of PC5 carriers’ aggregation were discussed and the following proposals and observations are given:
Observation 1: The existing signalling is sufficient to configure a non-synchronization carrier for a UE by defining the location of the SLSS resources and by configuring the UE to not transmit SLSS on that carrier.
Proposal 1: For empty Set-A or empty Set-B cases, whether/how the SLSS is transmitted on each aggregated carrier is determined based on Rel-14 procedure. 
· Note: If the SLSS transmissions on multiple CCs are beyond the UE’s TX capabilities, up to UE implementation to determine on which carrier(s) the SLSS should be transmitted.
Proposal 2: If the synchronization carrier is present, down-select the following option for SLSS transmission:
· SLSS is transmitted (based on Rel-14 procedure) on selected sync carrier from Set-B. 
Proposal 3:  Use the exist Rel-14 signalling to configure a UE a non-synchronization carrier.
Proposal 4: When using preconfiguration, SLSS is transmitted based on Rel-14 rules (with the constraint of UE’s TX capabilities).
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