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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 #88 meeting[2], the following agreements were achieved for the  maximum number of bits of a single sidelink transport block:
	Agreements:
· Remove the bracket and confirm the followings:
· The maximum number of sidelink transport block bits received within a TTI is set to [31704].
· The maximum number of bits of a single sidelink transport block is [31704].



In this contribution, we will further discuss the details on solutions of carrier aggregation for PC5 and corresponding SA signalling enhancements.
Discussion
1.1. Gain of CA in V2X Phase 2
In Rel-14 LTE-based V2X, each message is transmitted on a single carrier, the maximum payload size shall not exceed 31704 bits (3963bytes). For the TX rate of 10 messages per second, the maximum date rate is up to 31.7*10=317kbps while for the TX rate of 50 messages per second the maximum date rate is up to 31.7*50=1.585Mbps. As a result, the Rel-14 LTE-based V2X cannot meet the data rate requirement of any eV2X use case in Table1 [3], which have higher data rate requirements than those of LTE-based V2X but not extreme high requirements.
Table 1: summary of eV2X use cases for higher data rate than LTE-based V2X
	Communication scenario
	Payload (Bytes)
	Tx rate (Message/ Sec)
	Max latency
(ms)
	Reliability (%)
	Data rate (Mbps)
	Communication
 range (meters)

	Use case
#
	Description
	
	
	
	
	
	

	5.10, 
	Between UEs supporting V2X application 
	Driver control/
Limited automated driving
	[6500]
	[10]
	[100] 
	High
	[0.55]
	[10] sec * (max. relative speed) [m/s]

	5.10, 
	Between  UE supporting V2X application and RSU
	Driver control/
Limited automated driving
	[6000]
	[10]
	[100] 
	High
	[0.5]
	[10] sec * (max. relative speed) [m/s]

	5.12, 
	Between UEs supporting V2X application 
	Driver control/
Limited automated driving
	[6500]
	50
	[20] 
	High
	[2.75]
	[10] sec * (max. relative speed) [m/s]

	5.12, 
	Between  UE supporting V2X application and RSU
	Driver control/
Limited automated driving
	[6000]
	50
	[20] 
	High
	[2.5]
	[10] sec * (max. relative speed) [m/s]


For the above use cases, if the 6000 or 6500 byte messages are to be transmitted, which are much bigger than either the 300 byte ones or the maximum ones of 3963 bytes of the Rel-14, there may be no better solution but to segment the big size packets and transmit them on multiple carriers, particularly when the existing carrier is shared by legacy UEs which need to keep reasonable performance. Thus the introduction of carrier aggregation is an effective way to meet the requirement of higher data rate, which may require up to 8 PC carriers, supporting the payload up to 31704 bytes and the data rate up to 2.536Mbps for the TX rate of 10 messages per second while 12.68Mbps for the TX rate of 50 messages per second. 
Besides that, carrier aggregation can also be used for the case that UE should transmit multiple types of messages by multiple processes on different carriers.
Observation1: The introduction of carrier aggregation can increase UE’s transmission data rate.
1.2. SA signaling enhancements for CA
For the prior case, the big data packet should be segmented if it cannot be loaded by a single carrier with using the maximum MCS and allocated resources. The RX UE should merge all the segmented packets, which may be carried out by the physical layer or by the high layer. However, carrier indicator field is not yet included in SCI format1, which needs to indicate which carrier and/or resources applied to the same Tx UE, i.e. the current SA, which will be called as legacy SA in the following texts, cannot support indicating multiple carriers, neither for cross carrier scheduling nor for carrier self-contain scheduling. 
Observation2: Legacy SA cannot indicate multiple carriers if carrier aggregation is introduced.
Proposal1: SA signaling enhancements should be discussed in order to support indicating the multiple carriers for carrier aggregation.
Another issue to be focused on is that when carrier aggregation is applied to the Rel-15 UEs, performances of Rel-14 UEs should not be impacted significantly when sharing the same resource pool with Rel-15 UEs, i.e. legacy UE needs to recognize resources occupied by Rel-15 UE if they are in the same resource pool.
In order to support indicating all the carriers used for carrier aggregation, new fields as carrier indicator field and the corresponding resource indicator field should be added. There are 3 options to achieve the enhancements as follows:
· Option1. To modify the legacy SA format and add the new fields into the legacy SA.
· Option2. To keep the legacy SA format and add the new fields into a new SA. Resource allocation of the new SA can be achieved by legacy SA.
· Option3. To keep the legacy SA format with using the reserved bits to indicate aggregated carriers.
For option1, Rel-15 UEs can get the information of all the carriers and corresponding resources by the legacy SAs. But if the Rel-14 UEs receive the modified SAs they cannot decode them. It obviously breaks the principle that the functionality of carrier aggregation should 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). While the Rel-15UEs work in a specific resource pool, option1 can be used as an effective solution, which may provide more flexible usage for forward compatibility.
For option2, the legacy SA format and the current contents except for the reserved bit field are not changed so that the Rel-14 UEs can decode the legacy SAs transmitted either by the Rel-14 UEs or by the Rel-15UEs. The Rel-14 UEs can get the resource occupation information by the decoded legacy SA and avoid selecting the occupied resource either by the Rel-14 UEs or by the Rel-15 UEs in the same carrier. For the Rel-15 UEs, both the legacy SA and the new SA can be decoded. The new SA would contain the information of the other carriers and/or resources in which the other segmented packets are transmitted. The Rel-15 UEs can directly decode the other packets in the indicated carriers and resources and merge them even if SA on other carriers cannot be decoded successfully. At the same time, when Rel-15 UEs select carriers and resources for the transmission of several segmented packets, all the carriers and resources occupied by other Rel-15 UEs which also employ the carrier aggregation can be avoided.  When new SA can be decoded well, effort of blind decoding on other carriers (if SAs on other carriers are still applied) will be much reduced.
For option 3, the reserved bit field can be used as the indication of the aggregated carriers. However, other Re1-15 UEs can only get the information which carriers are scheduled and then have to blind decode the SA(s) on those carriers. Also there is a bottleneck that 7 bits may not be enough to indicate up to 8 aggregated carriers, which needs at least 8bits (bitmap simply) to indicate 255 possible combinations. So in the current condition it may not be a sufficient solution.
Proposal2: When sharing the same resource pool between legacy UE and Rel-15 UE, the legacy SA keeps the same format with the use of reserved bits or a new additional SA, in order to ensure Rel-14 UEs can decode the legacy SA; when resource pool is not shared, a modified legacy SA with new field or an absolute new SA can be adopted for forward compatibility.
Observation3: To keep the Rel-14 SA format and add the new indicating fields into a new SA can avoid collision to resource allocation when carrier aggregation is applied to Rel-15 UEs and reduce blind decoding on other carriers additionally.
Prososal3: To introduce a new SA for carrier aggregation in order to ensure Rel-15 UEs can both indicate the aggregated carriers and resource occupation information to avoid resource collision, reduce blind decoding and even sensing efforts.
Based on the option2, two issues should be considered to design the new SA. 
The first one is how to indicate the other carriers. If carrier aggregation works in self-contain scheduling, only the carriers need to be indicated. While it works in the cross carrier scheduling, both the carriers and corresponding resources need to be indicated. A suitable indicating method should be researched targeting indication size as short as possible. For transmitting multiple segmented packets on multiple carriers, if any one of the segmented packet is failed in decoding, the full packet may not be merged which means the transmission of the whole packet is failed. Therefore, all the segmented packets for carrier aggregation should be considered as a whole in both transmission and sensing courses, which should be considered in the new SA design.
Another issue is how to determine the resource for the new SA transmission. The principle would be that the new SA can be detected early and reliably. So the usage of the reserved bits of the legacy SA is also to be considered.
Proposal4: The method to indicate the carriers and corresponding resources in new SA, the usage of reserved bits in legacy SA and the resource configuration for the new SA transmission should be considered for SA signaling enhancement.
1.3. Sensing and resource selection enhancements for CA
With SA signaling enhancement supporting indicating the multiple carriers for carrier aggregation, sensing and resource selection enhancements also should be achieved to support selecting the most suitable carriers for cross scheduling. 
Proposal5: Sensing and resource selection enhancements should be discussed in order to support the carrier selection.
Two issues should be focused on. 
The first issue is how to sense effectively. The general way is to do sensing independently in each carrier. While configuring a primary carrier may be an efficient method that can reduce the sensing complexity with all the SAs only transmitted in the primary carrier. 
Observation4: The principle of sensing enhancements should be sensing effectively without significantly increasing the sensing complexity.
The second issue is how to determine to the carriers based on the sensing information. For this issue, measurement values as CBR, CR may be useful information for Rel15 UEs selecting the suitable carriers at lower load. From this perspective, the general way of sensing may be more useful because more sensing information can be got, which can support the Rel15 UEs to select the most suitable carriers and also be more applicable to the congestion control.
Proposal6: A mechanism of sensing based carrier selection should be introduced.
1. 
2. 
1.4. 
Conclusion
In this contribution, we have the following observation and proposals:
Observation1: The introduction of carrier aggregation can increase UE’s transmission data rate.
Observation2: Legacy SA cannot indicate multiple carriers if carrier aggregation is introduced.
Proposal1: SA signaling enhancements should be discussed in order to support indicating the multiple carriers for carrier aggregation.
Proposal2: When sharing the same resource pool between legacy UE and Rel-15 UE, the legacy SAkeeps the same format with the use of reserved bits or a new additional SA, in order to ensure Rel-14 UEs can decode the legacy SA; when resource pool is not shared, a modified legacy SA with new field or an absolute new SA can be adopted for forward compatibility.
Observation3: To keep the Rel-14 SA format and add the new indicating fields into a new SA can avoid collision to resource allocation when carrier aggregation is applied to Rel-15 UEs and reduce blind decoding on other carriers additionally.
Prososal3: To introduce a new SA for carrier aggregation in order to ensure Rel-15 UEs can both indicate the aggregated carriers and resource occupation information to avoid resource collision, reduce blind decoding and even sensing efforts.
Proposal4: The method to indicate the carriers and corresponding resources in new SA, the usage of reserved bits in legacy SA and the resource configuration for the new SA transmission should be considered for SA signaling enhancement.
Proposal5: Sensing and resource selection enhancements should be discussed in order to support the carrier selection.
Observation4: The principle of sensing enhancements should be sensing effectively without significantly increasing the sensing complexity.
Proposal6: A mechanism of sensing based carrier selection should be introduced.
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