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Introduction
Sidelink carrier aggregation was one of the potential solutions to support advanced V2X services as identified in SA1 TR 22.886 [1]. The following agreements for sidelinke CA were achieved in the past RAN1 #89 meeting [2].
Agreement:
· 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 addressed the issues related to the synchronization of sidelink carrier aggregation. 
Discussion
According to the agreements at RAN1#89 meeting, the parallel transmission can start at a different time and on different carriers for sidelink CA. But the following two issues are still not clear: 
1. Whether the carriers with different synchronization reference can be aggregated or not 
2. Whether the transmission on multiple carriers should be synchronized or not. 
Synchronization of CCs and CC groups
Base on whether the aggregated sidelink component carriers are all synchronized or not, there are two scenarios that should be considered for PC5 CA.
· Scenario 1: All aggregated CCs share the same synchronization reference.
· Scenario 2: The aggregated CCs have more than one synchronization reference. 
For scenario 1, it is more like the Uu interface carrier aggregation in LTE and sidelink CA can be easily supported in scenario 1. But, it does not mean that only scenario 1 will be supported for sidelink CA.  From our point of view, carrier aggregation should also be supported for non-synchronization CCs (i.e. scenario 2) based on the following reasons:
· [bookmark: _GoBack]Firstly, as defined for V2X in Rel-14, different synchronization references and different synchronization source priority rules are supported for different carriers, so, we cannot assume that the carriers available to UEs are always sharing the same synchronization reference. If we restrict sidelink CA can only be used for synchronized cases, then it will reduce the deployment flexibility of PC5 CA, and UEs will not transmit on multiple non-synchronized carriers even when these carriers are available. 
· Secondly, the main reason that people do not want to support CA in scenario 2 is that it is more complex than the synchronization CCs case and may increase the UE complexity and cost. But, if we look at the specification in Rel-14, it is already possible that UEs transmit or receive on multiple carriers via PC5 depending on the UEs capability regarding the number of Rx chains and Tx chains, and the text captured in TS 36.300 is shown below. In Rel-14, these simultaneous transmission or reception does not require that multiple carriers have to share the same synchronization reference. And supporting CA in non-synchronization CCs case in Rel-15 may not require more UE complexity/cost than supporting multiple carriers’ transmission in Rel-14.  
Text in TS36.300:
· If the UE supports multiple transmission chains, it may simultaneously transmit on multiple carriers via PC5. For the case where multiple frequencies for V2X are supported, a mapping between service types and V2X frequencies is configured by upper layers. The UE should ensure a service to be transmitted on the corresponding frequency.
Furthermore, in order to reduce UE complexity, the CCs sharing the same synchronization reference can be grouped. Moreover, scenario 1 can be treated as a special case of scenario 2, in which the UE only support one Tx/Rx timing.
Proposal 1: The CCs sharing the same synchronization reference should be treated as a CC group.
Proposal 2: The following two scenarios should be considered for PC5 CA:
Scenario 1: All aggregated CCs are on the same CC group.
Scenario 2: The aggregated CCs are on multiple CC groups.
SLSS transmission and reception
As discussed above, the CCs sharing the same synchronization reference can be grouped together, the following question would be whether the synchronization information should be transmitted on each CC within a group. In our point of view, the co-existence of Rel-14 and Rel-15 UE should be supported and it is beneficial to transmit the SLSS on each CC. But from the receiver perspective, the UE can choose to just receive the synchronization information on one CC of the CC group.
Proposal 3: From the transmitter perspective, the UE should transmit SLSS on every CC in the CC group. 
Proposal 4: From the receiver perspective, the UE should just receive the SLSS on one CC in the CC group.
Parallel transmission schemes
As discussed above, both the one CC group CA case and multiple CC groups CA case should be considered for PC5 CA. To simplify the standardization work, it is beneficial to define a unified transmission scheme to support these two scenarios.
Proposal 5: A unified transmission scheme should be defined to support both one and multiple CC groups scenarios for PC5 CA.
Base on whether the parallel transmissions on multiple carriers are synchronized or not, the following two transmission schemes should be considered:
· Scheme 1: Synchronized transmission on multiple carriers at the same time or different time, no matter if the aggregated carriers are in one CC group or not, i.e. UE will use the synchronization reference of one of the CC groups to perform the parallel transmission.
· Scheme 2: Independent transmission on each CC groups using the synchronization reference of the corresponding group, the transmission on multiple carriers can be at the same or different time.
It is not that much difference between scheme 1 and 2 if all the aggregated CCs are from the same CC group, i.e. as discussed in scenario 1. The parallel transmissions on multiple carries are aligned in time at subframe boundaries, as shown in Figure 1. 
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[bookmark: _Ref28900]Figure 1: Example of parallel transmission on multiple synchronization CCs
However, it is different in scenario 2 for multiple CC groups CA case, so we provide some analysis on these two transmission schemes for that case. 
For scheme 1, the UE will use a single synchronization reference to transmit on the multiple carriers, as shown in Figure 2, CC#1 and CC#2 are from different CC groups, and CC#1’s can be treated as some kind of primary carrier, and its synchronization reference will be used for the parallel transmission on CC#1 and CC#2. But as described below, scheme 1 may have some compatibility issues.
First, for the Rel-14 UE, the synchronization reference is per carrier (pre-)configured , and as shown in Figure 2, the Rel-14 UE cannot receive the transmission on CC#2 which is aligned with CC#1’s timing reference.
Second, the resource pool was configured on each component carrier independently according to the synchronization reference of the CC, as shown in Figure 2. The UE transmission on CC#2 will cross the subframe boundaries of the resource pool on CC#2. Nevertheless, for the UEs camping on CC#2, two slots will be occupied due to the synchronized CA transmission and this will reduce spectrum efficiency and waste the transmission resources. Cross subframe boundaries transmission may also cause sensing problems in mode 4. For instance, CC#2 is sensed according to the synchronization reference of the CC#2 and a UE may assume that these two slots are available due to the power divided across the two slots and some transmission collisions will happen.
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[bookmark: _Ref31464]Figure 2: Example of transmission scheme 1 on non-synchronized CCs
[bookmark: _Hlk494232498]For scheme 2, as shown in Figure 3, it is more like the multiple carriers’ transmission case as we adopted in Rel-14. The scheduling and transmission on each CC are performed according to the synchronization reference of the CC. For mode 4, every CC is also sensed independently according to the synchronization reference of the CC. It can be seen that for scheme 2, it is not the same as the traditional CA in LTE Uu interface. Nevertheless, as we pointed out earlier, it is already possible to have a Rel-14 UE with multiple Tx/Rx chains to support multiple carrier transmission and reception, even these carriers are not synchronized with each other. So, reusing the schemes defined in Rel-14 as much as possible could reduce the standardization work required in Rel-15 and assist in having less compatibility problems with Rel-14 UEs.
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[bookmark: _Ref32192]Figure 3: Example of transmission scheme 2 on non-synchronized CCs
According to the above analysis, there are some problems with supporting transmission scheme 1. Considering that, we propose to adopt the following transmission scheme for PC5 carrier aggregation.
Proposal 6: For parallel transmission on multiple sidelink component carriers, each component carrier should use the synchronization reference selected within the group of sidelink component carriers.

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
In this paper, the synchronization problems of PC5 carriers’ aggregation were discussed and the following proposals are given:
Proposal 1: The CCs sharing the same synchronization reference should be treated as a CC group.
Proposal 2: The following two scenarios should be considered for PC5 CA:
Scenario 1: All aggregated CCs are on the same CC group.
Scenario 2: The aggregated CCs are on multiple CC groups.
Proposal 3: From the transmitter perspective, the UE should transmit SLSS on every CC in the CC group. 
Proposal 4: From the receiver perspective, the UE should just receive the SLSS on one CC in the CC group.
Proposal 5: A unified transmission scheme should be defined to support both one and multiple CC groups scenarios for PC5 CA.
Proposal 6: For parallel transmission on multiple sidelink component carriers, each component carrier should use the synchronization reference selected within the group of sidelink component carriers.
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