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Introduction
In RAN1 #89 meeting [1], the following agreements were achieved for CA:
	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 RAN1 #90bis meeting [2], the following working assumptions were achieved for CA synchronization:
	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


In this contribution, we will further discuss the details of synchronization for V2X CA.
Scenarios and impacts of V2X CA synchronization
There are two kinds of V2X CA synchronization scenarios that should be considered as follows, which were analyzed in R1-1717790 [3].
The first scenario is that timing of all component carriers is aligned. For example, all the V2X UEs work in the V2X dedicated band and GNSS is highest priority of synchronization source.
The second scenario is that timing of component carriers cannot be aligned. For example, multiple bands are introduced and shared by both V2X communication and LTE communication. The component carriers are synchronized with different sources and there are timing offsets among the component carriers.
In the second scenario, the following problems are presented in the transmission and reception operations:
· The half-duplex impact as illustrated in figure 1.When a packet is transmitted, UE cannot perform RX operation for two subframes in the carrier that timing is not aligned with the TX carrier for the intra-band CA.
· TX power degradation or even TX dropping as illustrated in figure 2.


Figure 1: The half-duplex impact


Figure 2: The TX power degradation and TX dropping
Observation 1: For V2X CA, there are two kinds of scenarios that should be considered:
· The timing of all component carriers can be aligned.
· The timing of component carriers cannot be aligned, which would lead to the problems of half-duplex impact, TX power degradation or even TX dropping. 
Solutions of V2X CA synchronization
1.1. The anchor carrier based method


Figure 3: The anchor carrier based method
As illustrated in figure 3, one of the component carriers is configured as the anchor carrier and timing of all the other carriers should be aligned with the anchor carrier. However, there are several problems in the anchor carrier based method as follows:
· Different timings in the Rel-14 carrier.
· TX switching.
· The problem of the synchronization accuracy for inter-band CA.
· Half duplex impact when transmitting SLSS/PSBCH.


Figure 4: The different timings in the Rel-14 carrier based on the anchor carrier method
Firstly, it may leads to different timings in the Rel-14 carrier. As illustrated in figure 4, if the anchor carrier is not the Rel-14 carrier, the legacy Rel-14 UEs which have only single carrier TX and RX capacities would synchronize with the highest priority source in the Rel-14 carrier. While the Rel-15 UEs would synchronize with the anchor carrier and transmit in the Rel-14 carrier with the anchor carrier's timing, which may have timing offset with the original Rel-14 timing. As a result, it leads to the condition that Rel-14 UEs and Rel-15 UEs would have different timings in the Rel-14 carrier. 
To solve this problem, the Rel-14 carrier should be configured as the anchor carrier. 


Figure 5: TX switching between the anchor carrier and the service carrier for UEs with limited TX capability
Secondly, it may lead to the problem of TX switching. Rel-15 UEs with the higher synchronization priorities should transmit the SLSS/PSBCH in the anchor carrier For Rel-15 UEs having limited TX capability, TX switching should be performed frequently between the anchor carrier and the data transmitting carrier as illustrated in figure 5. Till now, switching time for intra-band and inter-band is not clear and RAN1 is waiting for the reply of LS R1-1719159 from RAN4. In this situation, TX switching should be considered as a problem for V2X CA synchronization. 
The third one is the problem of synchronization accuracy. For the inter-band CA, the frequency shifts between different carriers are significant. For the carrier having significant frequency offset with the anchor carrier, the synchronization accuracy cannot be ensured. 


Figure 6: RX dropping when transmitting SLSS/PSBCH
The fourth problem is the half duplex impact caused by the different logical subframe configurations. Since SLSS/PSBCHs are transmitted in the anchor carrier, SLSS subframes may be configured only in the anchor carrier. For intra-band CA, when UEs transmits SLSS/PSBCH, the service packets transmitted simultaneously in other carriers would be lost because of the half-duplex, which is illustrated in figure 6. 
In summary, there are several problems with the anchor carrier based method.
Observation 2: For the anchor carrier based synchronization, there are some problems should be considered as follows:
· When Rel-14 carrier is not configured as the anchor carrier, it may leads to different timings between Rel-14 carrier and anchor carrier.
· For Rel-15 UEs having limited TX capability, TX switching should be performed frequently between the anchor carrier and the data transmitting carrier.
· The synchronization accuracy problem should be further studied for the case that anchor carrier is in different frequency band of data transmitting carrier. 
· From receiver perspective, in intra-band CA, a UE cannot receive the data from other carrier if it is transmitting SLSS/PSBCH in anchor carrier.
1.2. Synchronization carrier grouping based method
The second synchronization method is to group the carriers and to synchronize with the highest priority synchronization signal in the synchronization carrier group. The synchronization carrier grouping principles should be considered as follows.
· Carriers in the same synchronization carrier group should have the consistent synchronization priority configuration.
· Carriers in the same synchronization carrier group should have the consistent logical subframe configuration.
· The TX power constraint should be considered, in order to ensure the coverage performance of the synchronization signal.


Figure 7: The synchronization scenario for component carriers with timing alignment
For scenario 1, when the timing of all the component carriers is aligned as the illustrated example in figure 7, all the component carriers make up only one synchronization carrier group and the legacy synchronization mechanism of single carrier can be reused in principle. For the UE operating on multiple carriers, it can select the highest priority synchronization source among all the component carriers as its synchronization reference based on the current rules of Rel-14 V2X synchronization mechanism. Then the accurate synchronization can be achieved in multiple component carriers and the subframe index in each carrier can be aligned.


Figure 8: The synchronization scenario for component carriers with timing offset
For scenario 2 as illustrated in figure 8, the legacy synchronization mechanism of single carrier can also be reused in principle while the component carriers which are timing alignment should perform the synchronization as a synchronization carrier group. For the UEs operating on multiple carriers, in each synchronization carrier group, it can select the highest priority synchronization source among all the carriers in the same synchronization carrier group as the synchronization reference, based on the current rules of Rel-14 V2X synchronization mechanism. The timing offset can be indicated by the higher layer or the pre-configuration.
Considering the problems of the anchor carrier based method, the additional rules should be considered. 
When the Rel-14 carrier is included into a synchronization carrier group, synchronization could be performed with the highest priority synchronization signal in the Rel-14 carrier.
Another issue is for the synchronization signal transmission. If the Rel-14 carrier is included into a synchronization carrier group, UEs can transmit the synchronization signal only in the Rel-14 carrier. While for the synchronization carrier group without the Rel-14 carrier, UEs should transmit SLSS/PSBCH in the carrier(s) which is (are) used for the UE’s data transmission. With the assumption of simultaneous reception over multiple carriers form the receiver’s perspective, UEs can get all the synchronization signals and synchronize with the same highest priority one. 
Proposal 1: The synchronization carrier grouping principles should be considered as follows:
· Carriers in the same synchronization carrier group should have the consistent synchronization priority configuration.
· Carriers in the same synchronization carrier group should have the consistent logical subframe configuration.
· The TX power constraint should be considered, in order to ensure the coverage performance of the synchronization signal.
Proposal 2: 
· When the timing of all the component carriers is aligned, all the component carriers make up only one synchronization carrier group. For the UEs operating on multiple carriers, it can reuse the Rel-14 synchronization mechanism, and select the highest priority synchronization source among all the component carriers as its synchronization reference.
· If the Rel-14 carrier is included into the synchronization carrier group, synchronization should be performed with the highest priority synchronization signal in the Rel-14 carrier.
· When the timing of all the component carriers is not aligned, separate synchronization is performed in each synchronization carrier group, and each group of carriers is timing aligned. In each synchronization carrier group it can reuse the Rel-14 synchronization mechanism, and select the highest priority synchronization source among all the component carriers as its synchronization reference.
· If the Rel-14 carrier is included into one synchronization carrier group, synchronization should be performed with the highest priority synchronization signal in the Rel-14 carrier in this synchronization carrier group.
· UEs should transmit the synchronization signal as follows:
· In the synchronization carrier group with Rel-14 carrier, UEs transmit the synchronization signal in the Rel-14 carrier. 
· In the synchronization carrier group without Rel-14 carrier, UEs transmit the synchronization signal in the carrier(s) which is (are) used for the UE’s data transmission.
Conclusion
In this contribution, we have the following observation and proposals:
Observation 1: For V2X CA, there are two kinds of scenarios that should be considered:
· The timing of all component carriers can be aligned.
· The timing of component carriers cannot be aligned, which would lead to the problems of half-duplex impact, TX power degradation or even TX dropping.
Observation 2: For the anchor carrier based synchronization, there are some problems should be considered as follows:
· When Rel-14 carrier is not configured as the anchor carrier, it may leads to different timings between Rel-14 carrier and anchor carrier.
· For Rel-15 UEs having limited TX capability, TX switching should be performed frequently between the anchor carrier and the data transmitting carrier.
· The synchronization accuracy problem should be further studied for the case that anchor carrier is in different frequency band of data transmitting carrier. 
· From receiver perspective, in intra-band CA, a UE cannot receive the data from other carrier if it is transmitting SLSS/PSBCH in anchor carrier.
Proposal 1: The synchronization carrier grouping principles should be considered as follows:
· Carriers in the same synchronization carrier group should have the consistent synchronization priority configuration.
· Carriers in the same synchronization carrier group should have the consistent logical subframe configuration.
· The TX power constraint should be considered, in order to ensure the coverage performance of the synchronization signal.
Proposal 2: 
· When the timing of all the component carriers is aligned, all the component carriers make up only one synchronization carrier group. For the UEs operating on multiple carriers, it can reuse the Rel-14 synchronization mechanism, and select the highest priority synchronization source among all the component carriers as its synchronization reference.
· If the Rel-14 carrier is included into the synchronization carrier group, synchronization should be performed with the highest priority synchronization signal in the Rel-14 carrier.
· When the timing of all the component carriers is not aligned, separate synchronization is performed in each synchronization carrier group, and each group of carriers is timing aligned. In each synchronization carrier group it can reuse the Rel-14 synchronization mechanism, and select the highest priority synchronization source among all the component carriers as its synchronization reference.
· If the Rel-14 carrier is included into one synchronization carrier group, synchronization should be performed with the highest priority synchronization signal in the Rel-14 carrier in this synchronization carrier group.
· UEs should transmit the synchronization signal as follows:
· In the synchronization carrier group with Rel-14 carrier, UEs transmit the synchronization signal in the Rel-14 carrier. 
· In the synchronization carrier group without Rel-14 carrier, UEs transmit the synchronization signal in the carrier(s) which is (are) used for the UE’s data transmission.
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