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Introduction
In RAN #75 meeting [1], the following objective for carrier aggregation operation in PC5 of 3GPP V2X Phase2 work item is as follows:

	1. [bookmark: _GoBack]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);



In RAN1 #89 meeting [2], 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
Agreement:
· In rel. 15 V2X WI, PSCCH and its associated PSSCH are transmitted in same carrier. 
· This does not preclude the PSCCH to contain information about other carriers, as long as within the scope of the WID.



In this contribution, we will further discuss the details on details of synchronization for V2X CA.
Details of V2X CA synchronization
1.1. Synchronization issues of V2X CA
With the introduction of V2X CA, up to eight PC5 carriers can be aggregated. To consider the synchronization issues of the different carriers, the synchronization offset of different carriers should be focused on. If the synchronization is performed independently in each carrier, there would be timing error among different carriers, which may be caused by the different synchronization configurations in different carriers. The direct consequence is that the subframes in different carriers cannot be aligned. For this reason, a series of synchronization problems will appear. 
At the given absolute timing, the subframe index of one component carrier may be different from the other component carriers. For sensing procedure, the accuracy of the sensing results will be degraded because of the different indexes of sensing subframe at the given time. Because the transmitting UE cannot receive in the transmitting subframe, the sensing results will be further deteriorated with the restriction of half-duplex.
For the use case 1 determined by RAN1 #89 meeting, if the large packet is divided into multiple segments for the parallel transmissions at the same time, it is hard for the receiving UEs to combine all of the segmented packets to satisfy the stringent latency requirements. If the segments of the large packet are transmitted at different time, because of the unaligned subframe index, the receiving buffer has to store the segments with the unnecessary receiving delay. For the use case 2, if the packets are transmitted with the multiple replicated copies of the same packet to achieve the diversity gain, the receiving combinition can hardly be performed in the same subframe. Therefore, for both use case 1 and use case 2, the synchronization error in different carriers should be reduced, and the solution for the reduction of the synchronization error in CA should be further studied.
Proposal 1: The synchronization error in different V2X CA component carriers should be reduced and the solution of synchronization error reduction should be further studied.
Considering about the synchronization error, the synchronization configurations for V2X CA should be discussed, which includes the following two configurations:
· Independent synchronization in each V2X CA carrier;
· The anchor carrier based synchronization;
Based on the above analysis, for the independent synchronization in each V2X CA carrier, the synchronization error among different carriers cannot be avoided. Thus, the independent synchronization in each V2X CA carrier is not the prior solution.
For the anchor carrier based synchronization, both the intra-band V2X CA and inter-band V2X CA should be considered. For the intra-band V2X CA, because the frequency bands are consecutive, the synchronization error is very limited with the anchor carrier, and the system performance may be not affected by the synchronization error. But for the inter-band V2X CA, the global synchronization is hardly to be achieved with the frequency error of the different frequency band. Even if the solution such as the frequency multiplication may be adopted, the synchronization accuracy and process complexity may be the key technical barriers. A potential solution may be presented as configuring an anchor carrier per band, and the other component carriers can be synchronized with the anchor carrier in the adjacent frequency.
Proposal 2: The synchronization solutions of V2X CA should be further studied.
1.2. The Doppler frequency error impact of V2X CA
The V2X UE applying V2X CA may work at the high relative speed. For the demodulation of the receiver, the Doppler frequency error should be considered with different frequency bands. If the V2X CA component carriers are aggregated in same frequency band, the Doppler frequency error may not have significant difference. However, if the V2X CA component carriers are aggregated in different frequency bands, the Doppler frequency error should be considered. The analysis of the Doppler frequency error in related frequency bands and speed is presented in Table 1. 
Table 1 the Doppler frequency error in related frequency bands and speed
	
	The relative speed

	
	280km/h
	140km/h
	60km/h
	30km/h

	The frequency band
	2.6GHz
	674 Hz
	337Hz
	289Hz
	72Hz

	
	5.9GHz
	1530HZ
	765Hz
	656Hz
	164Hz

	
	60GHz
	15556Hz
	7778Hz
	6667Hz
	1667Hz

	
	70GHz
	18148Hz
	9074Hz
	7778Hz
	1944Hz


In Table 1, for the frequency bands of 2.6GHz and 5.9GHz at the relative speed of 280km/h, the Doppler frequency error is 674Hz, 1530Hz, respectively. Because the difference of the Doppler frequency error between 2.6GHz and 5.9GHz is 856Hz, the synchronization tolerance of ±0.1PPM is exceeded. Meanwhile, the difference of the Doppler frequency error at the relative speed of 140km/h between 2.6GHz and 5.9GHz is also exceeded. With the higher frequency bands of 69 GHz and 73 GHz, the Doppler frequency error will be larger.
Based on the above analysis, the impact of Doppler frequency error on the V2X CA synchronization should be further studied.
Proposal 3: The impact of Doppler frequency error on the V2X CA synchronization should be further studied.
1. 
2. 
1.3. 
Conclusion
In this contribution, we have the following observation and proposals:
Proposal 1: The synchronization error in different V2X CA component carriers should be reduced and the solution of synchronization error reduction should be further studied.
Proposal 2: The synchronization solutions of V2X CA should be further studied.
Proposal 3: The impact of Doppler frequency error on the V2X CA synchronization should be further studied.
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