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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 RAN1 #89 meeting[3], 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 solutions of carrier aggregation for PC5 mode4.
Gain of CA in V2X Phase 2
1.1. Increase the peak data rate
For the agreed use case1 in RAN1 #89 meeting, it maps into the main motivation of CA which is to increase the peak data rate.
In Rel-14 LTE-based V2X, each message is transmitted on a single carrier, and 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 [4], 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 PC5 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. 
Observation 1: The introduction of carrier aggregation can increase the peak data rate, which is the basic motivation in the 3GPP phase2 WID.
1.2. Select the most suitable carrier
Besides the above case, carrier aggregation can also be used for that UE should transmit multiple types of messages by multiple processes on different carriers, which are transmitted independently. To select the most suitable carrier for the packet transmission is an obvious gain. This case is also contained in the scope of the agreed use case 1 and need no other enhancement but carrier selection solutions and combination of multiple resource pools in multiple carriers.
Observation 2: The introduction of carrier aggregation can help offering the most suitable carrier for the packet transmission.
1.3. Increase the reliability
For the agreed use case 2, multiple processes in multiple carriers would be used for replicated copies of the same packet to increase the transmission reliability.  This use case means to increase the number of transmissions for a packet. If the load of the carriers is not very heavy, it can be a selective solution to increase the reliability.
Observation 3: The introduction of carrier aggregation can increase UE's transmission reliability.
Carrier selection and resource selection enhancements for CA
Based on the agreed use case 1 and 2, carrier selection solutions and resource selection enhancements should be considered. 
1.4. Carrier selection solutions
For carrier selection, introduction of CA makes the frequency band wider and the usage of carrier more optimized. Solutions should be given to prevent from causing higher load on some of carriers while far lower load on the others. It is effective to measure and monitor the load of carriers. There are 2 solutions. 
· Option1: The CBR based carrier selection. 
This solution is more accurate and the measurement is in the granularity of the resource pool, which can reflect the overall load of each carrier.
· Option2: Carrier selection based on the occupied resource exclusion according to PSSCH-RSRP. 
In this solution, UE performs the skip subframe handling and the reserved resources exclusion indicated by decoded SAs. By comparing the remaining resource ratio of each carrier, UE selects the carrier with the most remaining resources. Using this solution when selecting the carrier and resource, UE can get the real time resource occupation information and reuse the resource exclusion operation of the current resource selection mechanism.
Proposal 1: For carrier selection, measurements are necessary to monitor the load of carriers and 2 options are given:
· Option1: The CBR based carrier selection. 
· Option2: Carrier selection based on the occupied resource exclusion according to PSSCH-RSRP. 
1.5. Resource selection enhancements
For resource selection enhancements, if the MAC PDUs are not related with each other, the resource selection operation can reuse the current mechanism with considering all the resource pools on the selected candidate carriers as a combination.
Proposal 2: For resource selection of independent MAC PDUs, the current resource selection mechanism can be reused with considering all the resource pools on the selected candidate carriers as a combination.
However, if the resources are selected for multiple related packets, such as the reputation ones in use case 2, there is another issue to be considered besides the above mentioned case. 
In the case of applying CA to the inter-band case, if a packet is transmitted in one carrier, the TX UE cannot do reception operation only in the used carrier, and there is no half-duplex impact in the other carriers.
While CA is applied to the intra-band case, if the transmission resources are not in the same subframe, due to the half-duplex impact, there would be rather more subframes that are not monitored by the transmission UEs. As a result, the transmission UEs will lose much more reception opportunities on the non-monitoring subframes and the reception reliability will decrease. Therefore, an enhancement of resource selection should be introduced to make all of the reputation transmission resources in the same subframe.
The following solution can be further discussed.
· For a given packet, mode 4 carrier and resource selection follows:
· Step 0: the set of candidate carriers for transmission(s) is provided
· Step 1: For a MAC PDU corresponding to the packet, UE selects a subset of the carriers for actual transmission(s) within the carrier set determined in step 0 
· Option1: The CBR based carrier selection. 
· Option2: Carrier selection based on the occupied resource exclusion according to PSSCH-RSRP.
· Step 2: UE performs the resource reservation and sensing based resource exclusion on the carriers selected in the step 1
· Step2-1: the skip subframe handling
· Step2-2: the reserved and occupied resource exclusion indicated by the decoded SAs 
· Step2-3: the calculation of remaining resources number within each subframe. The subframe in which the remaining resources can meet the requirements for transmitting all the reputation packets are noted as the available subframe.
· Step2-4: if the number of available subframes is equal to or higher than the threshold of the available subframe number, the step 2 is end; otherwise the step 2-1, 2-2, 2-3 should be repeated with the PSSCH-RSRP threshold increased by 3dB until the number is equal to or higher than the threshold
· Step 3: UE ranks the S-RSSI and selects the transmission resources
· Step3-1: the S-RSSI ranking of the available subframes. The S-RSSI value is the linear average value in the subchannel granularity for all the remaining resources in the available subframes.
· Step3-2: the random selection of 2 subframes of the available subframes with the lowest S-RSSI values for initial transmission and retransmission, respectively.
· Step3-3: the assignment of the reputation packet transmission resources in the selected subframes
Proposal 3: An enhancement of resource selection should be introduced to make all the reputation transmission resources in the same subframe and the solution should be further discussed.
Cross carrier scheduling
The agreed use case 1 refers to the MAC PDUs with different payloads. While the RLC segmented packet transmission is the focused one in use case1, which aims to increase the high data rate that are not achieved in Rel-14. The segmented packets cannot be treated as the independent MAC PDUs because successful combination of the related segmented packets determines whether all the transmissions are correct reception. It means once any one of the segmented packet is failed in decoding, it is useless even that all other ones are decoded successfully. As a result, the solution to solve the above problem should be further studied. The cross carrier indicating is an effective one that should be considered.
In RAN1 #89 meeting, the agreements are achieved that:
· 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.
There is a bottleneck that the SCI format1 in the current specification cannot indicate multiple carriers and the associated resources for cross carrier scheduling.
Observation 4: Legacy SA cannot indicate multiple carriers and the associated resources if carrier aggregation is introduced.
Proposal 4: SA signaling enhancements should be discussed in order to support indicating the multiple carriers and  the associated resources  for carrier aggregation.
In order to prevent the performances of Rel-14 UEs from being significantly impacted when sharing the same resource pool with Rel-15 UEs, there is a solution to keep the legacy SA format and add a new SA to indicate other carriers and associated resources, in which the new SA should be transmitted with the legacy SA and the associated data.
Using this solution, 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-15 UEs. 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 other carriers and resources in which the other segmented packets are transmitted. Based on the new SA, the redundancy of control signaling can bring the gain of reliability. The Rel-15 UEs can directly decode other packets in the indicated carriers and resources and merge them even if SA on other carriers cannot be decoded successfully.  Two options can be considered.
· Option a: The new SA is only transmitted in the anchor carrier which is configured for CA, the anchor carrier in which new SAs are transmitted should be in lower frequency band and suffer lower interference.
· Option b: The new SA, legacy SA and the data are transmitted in each used carrier.
Either of the 2 options can increase the reliability because the data decoding opportunities can be increased. In the current mechanism, only the data related with successfully decoded SA can be performed the decoding operation. If one of the new SA was decoded successfully, the limitation can be broken and all data can be decoded. As a result, the reliability can be increased by increasing data decoding opportunities. For the use cases illustrated in table1, the high reliability may be up to 99% or even to 99.999%. In this situation, the above solution that can increase the reliability is necessary.
Observation 5: SA signaling enhancements of cross carrier indicating other carriers and resources can increase the reliability for applying CA to the segmented packet transmissions. 
Besides the above mentioned gain, 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 successfully, effort of blind decoding on other carriers (if SAs on other carriers are still applied) will be much reduced. As the current specification, 2 kinds of UE capacities are supported, which are the capacity of decoding 10 SAs in a subframe and the capacity of decoding 20 SAs in a subframe, respectively. While UE can only support 10 SA decoding in a subframe, UE should drop some candidate SAs since the candidate SAs number exceeding UE's decoding capacity. Cross carrier indicator can avoid this disadvantage. 
Observation 6: SA signaling enhancements of cross carrier indicating other carriers and resources can avoid the SA systematic dropping with the number of candidate SAs exceeding the UE's SA blindly decoding capacity.
Proposal 5: SA signaling enhancements of cross carrier indicating other carriers and resources should be supported.
1. 
2. 
1.6. 
Conclusion
In this contribution, we have the following observation and proposals:
Observation 1: The introduction of carrier aggregation can increase UE’s transmission data rate.
Observation 2: The introduction of carrier aggregation can offer the most suitable carrier for the packet transmission.
Observation 3: The introduction of carrier aggregation can increase UE's transmission reliability.
Proposal 1: For carrier selection, measurements are necessary to monitor the load of carriers and 2 options are given:
· Option1: The CBR based carrier selection. 
· Option2: Carrier selection based on the occupied resource exclusion according to PSSCH-RSRP. 
Proposal 2: For resource selection of independent MAC PDUs, the current resource selection mechanism can be reused with considering all the resource pools on the selected candidate carriers as a combination.
Proposal 3: An enhancement of resource selection should be introduced to make all the reputation transmission resource in the same subframe and the solution should be further discussed.
Observation 4: Legacy SA cannot indicate multiple carriers and the associated resources if carrier aggregation is introduced.
Proposal 4: SA signaling enhancements should be discussed in order to support indicating the multiple carriers and the associated resources for carrier aggregation.
Observation 5: SA signaling enhancements of cross carrier indicating other carriers and resources can increase the reliability for applying CA to the segmented packet transmissions. 
Observation 6: SA signaling enhancements of cross carrier indicating other carriers and resources can avoid the SA systematic dropping with the number of candidate SAs exceeding the UE's SA blindly decoding capacity.
Proposal 5: SA signaling enhancements of cross carrier indicating other carriers and resources should be supported.
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