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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
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 RAN1 #90 meeting[2], the following agreements were achieved for CA:
	Agreement:
· At least Rel-14 per-carrier independent sensing procedure and resource (re)selection is supported
· FFS whether other solution is needed. 
· FFS if sensing on multiple carriers as a single set of resources is supported
· FFS if sensing can be done on a per-carrier basis, but resource selection can be different than Rel-14 UEs
Working assumption: Any sensing and resource (re)selection procedure uses the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4. Additional rules for resource exclusion of resources is not precluded after the procedure 
Conclusion: RAN1 assumes that the observations in R4-147958 apply for multi-carrier V2X.


In this contribution, we will further discuss the details about carrier aggregation for PC5 mode4.
Analysis and evaluation results of CA half-duplex impact
1.1. Analysis of CA half-duplex impact
From the observations in R4-147958 [3], the conclusion can be achieved that the half-duplex problem exists at least in the intra-band case of V2X CA. If the multiple carriers are used for V2X CA, the half-duplex impact would be more serious for each UE due to the following factors.
· The number of TX subframes in multiple carriers
With the number of TX subframes in multiple carriers increasing, the UE would drop all the RX opportunities in all of its TX subframes, and the PRR performance would be degraded due to the half-duplex impact. 
· The ratio of skip subframes in the resource selection window
For resource selection procedure, if the number of Tx subframes are increased in intra-band CA, the number of skip subframes are also increase, which will reduce the available subframes within the resource selection window. As a result, the selected resources may not be the optimal ones due to increased skip subframes. If the ratio of skip subframes within the resource selection window is increased, the available resources become less. Therefore, the PRR performance would be degraded due to the reduction of the available resource within the resource selection window. 
· The number of simultaneous TX of one UE in the same subframe
From TX UE aspects, if multiple transmissions from different carriers are performed simultaneously in the same subframe, the power allocated for each transmission shall be less than that of single carrier transmission, and the coverage will be reduced. Therefore, the power allocation between multiple carrier transmissions will also impact the PRR performance.
Based on the above analysis, with the introduction of carrier aggregation in PC5, the half-duplex impacts should be carefully studied, and the power allocation method among multiple transmissions also needs further investigate.  
Observation 1: The introduction of carrier aggregation in PC5 will potentially bring the extra half-duplex impacts and more skip subframes if each carrier performs resource selection separately.
1.2. Evaluation results of CA half-duplex impact
In this section, the evaluation results of CA half-duplex impact are given. The simulation is for the case that UEs transmit the segmented packets from the large payload packet through carrier aggregation. 
In order to simplify the simulation about the half-duplex impacts, only one carrier performing real data transmission and reception is called as “real carrier”; the other carriers in carrier aggregation is called as “virtual carriers” which don’t model the data transmission and reception operation. The virtual carrier is only used for constructing the virtual Tx subframe and modeling the half-duplex impacts to the real carrier. 
The PRR performances of the real carrier with different virtual carrier TX subframe configurations are evaluated, and four virtual carrier TX subframe configurations are provided as following.
· Baseline: Single carrier scenario, Rel-14 mechanism is performed. 
· Carrier aggregation in PC5:
· Real carrier: Rel-14 mechanism is performed.
· Virtual carrier Tx subframe configurations:
· Option 1: RANDOM，which means that the TX subframes in virtual carriers are random selected..
· Option 2: DISPERSED, which means that each TX subframe is different from that of other carriers.
· Option 3: CENTRALIZED, which means that all the TX subframes in virtual carriers are the same as that in real carrier, and the transmission power of each carrier is equal divided.
· Option 4: CENTRALIZED with PAIRING, this option is a variation of option 3,which makes the two paired transmit at the same subframe. This option can obtain larger coverage than option 3, if the number of carrier is larger than 2.
Firstly, different number of aggregated carriers is evaluated, which reflects the impact of the number of TX subframes. Figure 1 shows the real carrier PRR of the single carrier, 2carrier and 4 carrier cases in the highway 140km/h scenario. It can be observed that when the number of the carrier is increasing, the PRR is decreasing. It is primary due to the fact that the half-duplex impacts are more serious with the increasement of aggregated carries if each carrier is performed resource selection separately. 
Observation 2: The PRR performance is degraded with the increasement of aggregated carries if each carrier performs resource selection separately.
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Figure1: PRR with the single carrier, 2 carriers and 4 carriers in highway 140km/h scenario
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(a) - (1)   
PRR comparison in highway 140km/h scenario with 100ms packets and 100ms latency
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     (a) - (2)
PRR comparison in highway 140km/h scenario with 100ms packets and 20ms latency
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(b) - (1)
PRR comparison in highway 70km/h scenario with 100ms packets and 100ms latency
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(b) - (2)
PRR comparison in highway 70km/h scenario with 100ms packets and 20ms latency


Figure2: PRR with the single carrier and 4 carriers in highway 140km/h scenario with 100ms packets, highway 70km/h scenario with 100ms packets

In figure 2, different latency requirements are evaluated, which reflect the impact of different ratios of skip subframes in the resource selection window. 
Figure 2(a) and 2(b) are for the scenarios of highway 140km/h and highway 70km/h, respectively. In each group of figures, the first one is for the case that the packet is transmitted every 100ms with the latency of 100ms while the second one is for the case that the packet is transmitted every 100ms with the latency of 20ms. 
Table 1: The PRR performance comparison among different scenarios and configurations
Table 1-1: Highway140km/h scenarios
	Scenarios and configurations
	PRR loss in real carrier caused by half-duplex impact of CA

	
	4 carrier(RANDOM) case over  the single carrier at 300 meters

	Highway 140km/h
100ms packets & 100ms latency
	4%

	Highway 140km/h
100ms packets & 20ms latency
	6%



Table 1-2: Highway 70km/h scenarios
	Scenarios and configurations
	PRR loss in real carrier caused by half-duplex impact of CA

	
	4 carrier(RANDOM) case over  the single carrier at 150 meters

	Highway 70km/h
100ms packets & 100ms latency
	4%

	Highway 70km/h
100ms packets & 20ms latency
	8%


According to the evaluation results in figure 2 and table 1, the trends can be observed as follows:
(1) When the latency requirements are lower with the resource selection window shortened, the ratio of skip subframes in the resource selection window is increasing and the half-duplex impact of CA is increasing. As a result, the PRR loss becomes much more obvious.
(2) When the ratio of skip subframes in the resource selection window is higher, the PPR loss in more congestion scenario is more than that in lower congestion scenario.
Observation 3: When the resource selection window is shortened, the half-duplex impact of CA is increasing and the PRR loss is increasing.
Observation 4: With low latency, when the congestion level is increasing, the half-duplex impact of CA is increasing and the PRR loss is increasing.
On the other hand, as the 20ms service is already specified in both the Rel-14 V2X specification and the Rel-15 use case requirements, the PRR of highway 140km/h scenario with UE transmitting 20ms packets is also evaluated.
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Figure 3: PRR with the single carrier and 4 carriers in highway 140km/h scenario with 20ms packets

Table 2: The PRR performance comparison in highway140km/h scenario with 20ms packets
	Distance
	PRR loss in real carrier caused by half-duplex impact of CA

	
	4 carrier(RANDOM) case over  the single carrier 

	at 50 meters
	18%

	at 100 meters
	15%


In the highway 140km/h scenario, when UEs transmit the packets every 20ms, the ratio of the dropped RX subframes in all the subframes is significantly increasing. With the PRR loss higher than 15%, the half-duplex impact of multiple carriers becomes much more significant.
Based on the above evaluation, because of the introduction of CA, the half-duplex impact caused the degradation of PRR which is significant in the high load scenario. As a result, the solution to reduce the half-duplex impact of introducing V2X CA should be further studied.
Proposal 1: Solutions to reduce the half-duplex impact of introducing V2X CA should be further studied, especially for the high load scenarios.
1.3. Solutions to reduce the half-duplex impact of V2X CA
In order to reduce the half-duplex impact of V2X CA, it is necessary to enhance the resource selection procedure to reduce the number of TX subframes. In section 2.2, the evaluation results of methods to reduce the number of TX subframes are illustrated. For the centralized TX subframe selection method, all the TX subframes can be centralized in multiple carriers and all the extra TX subframes caused by the multiple carriers can be eliminated. While for the centralized with pairing TX subframe selection method, at most half of the extra TX subframes caused by the multiple carriers can be eliminated.
From the evaluation results in section 2.2, it can be observed that the two methods based on the principle of reducing the number of TX subframes are effective.
Proposal 2: Enhancing the resource selection procedure to reduce the number of TX subframes should be supported.
To achieve the centralization of TX subframes in different carrier, the following operation should be performed:
· 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 
· 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: after the exclusion, if the ratio of remaining resources is equal to or higher than the threshold of [20%], the step 2 is end; otherwise the step 2-1 and 2-2 should be repeated with the PSSCH-RSRP threshold increased by 3dB until the ratio of remaining resources 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 remaining resources, then the [20%] resources of lowest RSSI makes up the available resource set.
· Step3-2: if overlapping the resource selected by the simultaneous other packets in the time domain, move the available resource to the prioritized resource subset.
· Step3-3: random select the resource in the prioritized resource subset.
· Step3-4: if the simultaneous TX number in one subframe exceeds [X], repeat step 3-3; then resource selection is end.
· Step3-5: if step 3-3 is repeated for [Y] times, random select the resource in the available resource set that excluding the prioritized resource subset.
· FFS the value of [X] and [Y].
Reliability issues in V2X CA operation
The segmented packet transmission is to increase the high data rate which is not achieved in Rel-14 and is the basic motivation of CA. But 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. Therefore, both the reliability of PSSCH and PSCCH shall be improved.
Proposal 3: Both the reliability of PSSCH and PSCCH shall be improved if a lager packet is segmented into multiple MAC PDUs. 
1.4. Improvement of PSSCH reliability 
In order to maintain the same reliability of a large packet as that in Rel-14, where the large packet is segmented into multiple MAC PDUs, each MAC PDU shall be more robustness than Rel-14 MAC PDU. Therefore, some mechanism shall be introduced to improve the reliability of each segmented MAC PDU, e.g. introducing extra re-transmission number for each MAC PDU. 
1.5. Improvement of PSCCH reliability
In order to improve the reliability of PSCCH, there are two options to be considered:
· Option 1: Lower coding rate for PSCCH, for example, enlarging the 2 PRB pairs to 4 PRB pairs for each PSCCH transmission.
· Option 2: Introducing cross carrier scheduling to provide extra redundancy for PSCCH, as discussed in [4], an associated New SA could be transmitted in a carrier which is located in lower frequency band or suffered lower interference.
Both options can improve the PSCCH reliability. Comparing to option 2, option 1 will introduce larger resource consumption and not be compatible with Rel-14 UE. Option 2 can be compatible with legacy UE, since legacy PSSCH are still transmitted in each carrier. Furthermore, option 2 can provide an opportunity that a UE can directly decode other packets on the other carriers through the New SA, even if the PSCCH on other carriers cannot be decoded successfully. From the resource efficiency and scheduling flexibility aspects, the option 2 is preferred.
Proposal 4: Introducing cross carrier indication to provide extra redundancy for PSCCH, an associated New SA indicating the PSSCH resources in other carriers could be transmitted in a carrier which is located in lower frequency band or suffered lower interference.
1. 
2. 
1.6. 
Conclusion
In this contribution, the issues for carrier aggregation in PC5 are discussed. Particularly, we have following observations and proposals:
Observation 1: The introduction of carrier aggregation in PC5 will potentially bring the extra half-duplex impacts and more skip subframes if each carrier performs resource selection separately.
Observation 2: The PRR performance is degraded with the increasement of aggregated carries if each carrier performs resource selection separately.
Observation 3: When the resource selection window is shortened, the half-duplex impact of CA is increasing and the PRR loss is increasing.
Observation 4: With low latency, when the congestion level is increasing, the half-duplex impact of CA is increasing and the PRR loss is increasing.
Proposal 1: Solutions to reduce the half-duplex impact of introducing V2X CA should be further studied, especially for the high load scenarios.
Proposal 2: Enhancing the resource selection procedure to reduce the number of TX subframes should be supported.
Proposal 3: Both the reliability of PSSCH and PSCCH shall be improved if a lager packet is segmented into multiple MAC PDUs. 
Proposal 4: Introducing cross carrier indication to provide extra redundancy for PSCCH, an associated New SA indicating the PSSCH resources in other carriers could be transmitted in a carrier which is located in lower frequency band or suffered lower interference.
References
[1]. [bookmark: _Ref427008671][bookmark: _Ref427135890]3GPP TSG RAN WG1 Meeting RAN1 #89 chairman notes, May 2017.
[2]. 3GPP TSG RAN WG1 Meeting RAN1 #90 chairman notes, August 2017.
[3]. R4-147958," Reply LS on D2D-WAN UE capabilities", from RAN4 to RAN1, 3GPP RAN4  #73.
[4]. R1-1712339, “Discussion on carrier aggregation for  mode 4 in V2X phase 2”, CATT
Appendix: Evaluation assumptions
In this contribution, the following evaluation assumptions for half-duplex impact of CA are provided in the following table. 
Table A.1: Evaluation assumptions for half-duplex impact of CA
	Parameter
	Value

	Deployment scenario
	Highway 140km/h;
Highway 70km/h

	Traffic model
	Highway 140 km/h scenario:
· 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency 
· 4 x 190 byte + 1 x 300 byte; 100 ms period; 20 ms latency
· 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency
Highway 70 km/h scenario:
· 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency 
· 4 x 190 byte + 1 x 300 byte; 100 ms period; 20 ms latency

	Number of transmission(s) per packet
	2

	Frequency allocation
	· SA: 2 PRB; QPSK
· Data: 20 PRB; QPSK

	System bandwidth for real carrier
	10MHz

	Number of carriers
	· Single carrier
· 2 carriers with one carrier performing the sensing + SPS procedure
· 4 carriers with one carrier performing the sensing + SPS procedure

	Performance metric used for comparison
	· The PRR performance of the single carrier as the baseline
· The PRR performance of the sensing + SPS carrier for the multiple carrier case
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