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In RAN1#91 meeting, several agreements on mode 4 supported PC5 carrier aggregation were made, including the factors leading to Tx incapability to support CA and the possible solutions for the problem. Further in RAN1#92, these options are clarified and the resource set for synchronization is defined. Therefore, the adequate configuration of CCs and the corresponding cases should be further investigated to ensure the sidelink CA.

In this contribution, we first review the agreements from RAN1#91 and RAN1#92 meeting. Then we show different cases how Tx can select its transmission component carriers with the UE capability options. As a consequence we analyze the performance and provide potential configuration for CA.

Discussion
Agreements from previous meeting
In RAN1#91, the PC5 carrier aggregation for Mode 4 was agreed:

Agreements:
· From RAN1 understanding, the limited TX capability means that the UE cannot support transmission(s) over carrier(s) in a subframe due to
· (a) Number of TX chains smaller than the number of configured TX carriers
· (b) UE doesn’t support the given band combination
· (c) TX chain switching time
· (d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance

		· For a UE with limited TX capability, RAN1 considers the following options for resource selection in mode 4 CA.
· Option 1-1: When the UE performs the resource selection for a certain carrier, any subframe of that carrier shall be excluded from the reported candidate resource set if using that subframe exceeds its TX capability limitation under the given resource reservation in the other carriers.
· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.
· Option 1-2: If the per-carrier independent resource selection leads to transmissions beyond the TX capability of the UE in a subframe, UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources can be supported by the UE.
· FFS: whether it is up to UE implementation
· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.
· Option 2: After performing the per-carrier independent resource selection, the UE shall drop transmission in a subframe where using that subframe exceed its TX capability limitation.
· FFS details of dropping rule, e.g., whether/how to consider PPPP and CBR
· FFS whether/how to consider other aspects (e.g., half duplex problem) in terms of resource selection
· RAN1 specification of CA for LTE-V2X will be also applicable to “reception over non-contiguous carriers”, which RAN1 considers to be useful, in some operations scenarios


The RAN1#92 further specified the Mode-4 support:
Agreement: 
· Case (b) includes unsupported carrier combinations as well as band combinations
For cases when limited tx capability the UE cannot support transmission(s) over carrier(s):
· The UE shall follow Option 1-1 for (a), (b), (c)
· Otherwise, the UE shall follow Option 1-2


That is to say, there are several hindrances for UE to perform CA over sidelink. Also, it is notable that a UE cannot transmit over non-contiguous component carriers. 	Comment by Ching-Chun, Chou: Countable and Uncountable form of this word has different meaning.

Observation 1 : A UE cannot transmit over non-contiguous component carriers.

Carrier Contiguity
With the knowledge mentioned above, a UE should initially choose contiguous component carriers for sensing. After sensing, the candidate component carriers may not be contiguous; therefore, the UE should retain the contiguous part for transmission. As shown in Fig.1, suppose there are many CCs available. Since a UE is not able to transmit over non-contiguous CC, it should choose contiguous CC for sensing. As in the example, the UE chooses CC 1, 2, 3, 4 among the available CCs for sensing. After sensing, the candidates are CC 1 and 3. However, this makes another non-contiguity in CC and thus the UE has to choose either CC 1 or CC 3 as the transmission CC. 
[image: ]
Fig.1  UE selects continuous component carriers

Observation 2 : In case of non-contiguity, UE should give up some CCs.

In another case, as shown in Fig. 2, the UE gets candidate CCs as CC 1, 2 and 4 after sensing. In such case, the UE can choose either CC 1-2 combination or single CC 4 as the transmission CC. Since there is difference between the choices, the UE can choose its transmission CC based on its traffic demand. If the traffic of UE is relatively large, the UE can choose the CC 1-2 combination to get larger transmission rate. In contrast, if the traffic is relatively small, the UE can choose CC 4 as its transmission CC.
[image: ]
Fig.2 UE can select contiguous CC based on its demand
Proposal 1 : UE can choose its contiguous transmission CC based on its demand.

Contiguous Carrier Aggregation Analysis
Based on the knowledge that a UE cannot transmit over contiguous CC, we conducted a simulation to analyze the performance. The simulation parameters are listed in Table I.

	CC number
	8

	Sensing CC number
	3

	Simulation time
	10000 s

	Subcarrier per CC
	15


Table I. Simulation Parameters

Analysis for Collision Probability, Throughput, and Delay
Fig. 3 shows the performance of CA support on mode 4 with the limit on contiguous component carriers. The results of the simulation are similar to those of our previous works [] and therefore we would skip the analysis here.
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Figure.3 The performance metrics (a) Collision probability (b) Throughput (c) Delay

Analysis for Usage of CC
Another interesting result is the usage of CC, as shown in Fig. 4. The x-axis is the numerical ID of each CC, and the y-axis is how many times the CC is chosen during the simulation. We can observe that the CCs which are more centric (such as CC4 and CC5) are chosen more times than those which are at the sides (such as CC1 and CC8). From the simulation parameter, each UE can choose 3 consecutive CCs for sensing. Since CC1 is at the side, CC1 is chosen only when the UE chooses the set {CC1, CC2, CC3} for sensing. As a contrary, CC4 is chosen when the UE chooses the sets {CC2, CC3, CC4}, {CC3, CC4, CC5}, and {CC4, CC5, CC6}. With a larger possibility to be chosen, the centric CCs are used for transmission more frequently.

[image: ]
Fig. 4 The usage of each CC

Observation 3: The CCs closer to the center is chosen more frequently.
As the result of the observation above, we propose that a UE chooses its transmission CC based on the priority of its data. In common case, a UE can randomly choose the sets {CC1, CC2, CC3}, {CC2, CC3, CC4}… to {CC6, CC7, CC8}, which leads to the result as Fig. 4. Once a CC is chosen more frequently, it has higher probability to congest. In case the data is of higher priority, the UE can choose the set closer to the edge such as {CC1, CC2, CC3} and {CC6, CC7, CC8} to avoid the possible congestion and achieve higher reliability for high-priority data. 

Proposal 2: UE can choose contiguous transmission CC set based on data priority.
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Our observations include:
Observation 1: A UE cannot transmit over non-contiguous component carriers.
Observation 2: In case of non-contiguity, UE should give up some CCs.
Observation 3: The CCs closer to the center is chosen more frequently.

From above observations and discussion, we propose:
Proposal 1: UE can choose its contiguous transmission CC based on its demand.
Proposal 2: UE can choose contiguous transmission CC set based on data priority.
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