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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 #90 meeting, the following agreements were made for carrier aggregation (CA) in V2X [1]:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Agreement:
1. At least Rel-14 per-carrier independent sensing procedure and resource (re)selection is supported.
1. FFS whether other solution is needed. 
1. FFS if sensing on multiple carriers as a single set of resources is supported.
1. 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.

Agreement:
1. Higher layer semi-statically provides potential carrier(s) for Tx and Rx for CA.
1. FFS how Tx carrier(s) is(are) selected within the set of potential Tx carrier(s).
1. Send LS to RAN2 cc SA2 to inform them of this assumption (including the note).
Note: it is RAN1 understanding that the higher layers will take other constraints (e.g., UE capability, services, etc.) into account when providing the set of potential carrier(s).
Conclusion: continue discussion of step 2 and of carrier selection at RAN1#90b.

In this contribution, we aim to discuss resource utilization across carriers and resource pools for improved resource allocation. 
2. Background on legacy resource selection in V2X
For V2X systems in sidelink transmission mode 4, before data transmission, the transmitter UE needs to perform resource selection autonomously, without the assistance from eNB. When requested by higher layers in subframe n, the UE shall determine the set of resources to be reported to higher layers for PSSCH transmission. 
The procedures of resource selection in Release 14 are shown in Figure 1 as well as in the following steps. 
Step (a). Initialize the resource pool
For resource selection, at subframe n, UE needs to predict future channel busy status for the transmission resource pool [n+c, n+d], based on history information in the sensing period ranging from subframe n-a to n-b. Within the resource pool, a candidate single-subframe resource for PSSCH transmission is defined as a set of L contiguous sub-channels within a single subframe. The candidate single-subframe resource set SA is initialized to the union of all the candidate single-subframe resources, and the total number of the candidate single-subframe resources is denoted as Mtotal.
Step (b). Exclude the improper resources 
In this step, two kinds of resources need to be excluded: 1) resources related to the subframes that UE has not monitored, due to its own transmission; 2) resources having related resources in the sensing period based on a certain periodicity whose PSSCH-RSRP is higher than a threshold, meaning that the channels of such resources are predicted as too busy to be selected for data transmission. After the first round of resource exclusion, if the number of remaining resources is less than 20% of Mtotal, the resource exclusion procedure need be repeated with the threshold for PSSCH-RSRP comparison increased by 3dB. Only until the number of remaining resources satisfies 20% of Mtotal, the resource exclusion is stopped.
Step (c). Select the subset of resources to report
Among the remaining resources in SA, only the 20% Mtotal number of resources with smallest S-RSSI are kept in SA. The updated set SA is reported to higher layers.

[image: ]
[bookmark: _Ref486241362]Figure 1. Procedures for legacy resource selection in V2X systems 
3. Discussion on enhancement to support CA
In Rel-15, with CA supported, it is possible that one data service can be mapped to different potential component carriers (CC). As such, the UE is possible to perform resource selection for a data service in resources belonging to multiple potential CCs. In general, for the resource selection decision in V2X systems supporting CA, the following factors need to be taken into consideration:
(1) Different channel utilization status for each carrier, such as the channel busy level, interference level, available resource number of each carrier. 
(2) The pros and cons for using different number of carriers, such as less power gain due to power splitting with a larger number of carriers.
(3) Latency requirement level for different kinds of data services, which influences the time window for resource selection.
In the following sub-sections, we will discuss the influence of CA on three parts of the resource selection procedures for V2X systems: initialization, resource exclusion, and resource subset selection. In the end, we will provide an example resource selection mechanism.
3.1 Initialization 
[bookmark: _Hlk489887745]In V2X systems with CA, when initializing the resource pool before resource selection, more than one component carriers need to be considered. For the same data service, the latency requirement should be uniform for all selected carriers. Thus, the resource selection time windows for different component carriers should be consistent, i.e., the values of c/d should be the same for different component carriers for resource selection respectively. 
[bookmark: _Ref489949288]Proposal 1: In V2X systems supporting CA, the resource selection time windows for different carriers should be consistent.
3.2 Resource exclusion
In legacy resource exclusion procedures, the criterion for stopping resource exclusion is set that there should be at least 20% resources remaining among all the candidate resources of the resource pool. For V2X systems with CA, as more than one potential carriers are possible to be considered together for a data service, multiple resource pools exist. In general, the sizes of the resource pools for different potential carriers are different, and the adding of more carriers itself increases the randomness for resource selection. Thus, the criterion for stopping resource exclusion should be revisited, and the different carriers should be jointly considered. 
The stopping criterion can be defined by setting a minimum required number of remaining resources for the carriers in a carrier subset. Assume the number of resource pools is , the total resource number in the -th resource pool is , the number of remaining resources in the -th resource pool after resource exclusion is , for  The set of carriers that UE will select resources from in the later stage is denoted as  with cardinality . After resource subset selection, UE needs to select m resources from the remaining resources. We define an absolute number for each value of  that the total number of the remaining resources in all the carriers of  should be not smaller than, i.e., 
.
In particular,  can be set to be the same for different values of i, and in this case, the denotation  can be simplified as . As a simple example, we can set . This criterion degenerates to the legacy Release 14 criterion when the number of carriers becomes 1. 
[bookmark: _Ref489949369]Proposal 2: In V2X systems supporting CA, the criterion for stopping resource exclusion should be re-defined.
Not only the stopping criterion for resource exclusion, but also the overall resource exclusion procedure should jointly consider the different properties of different carriers, so that more balanced and appropriate resource exclusion results can be obtained.
We assume otherwise, i.e., each carrier performs the resource exclusion independently, as shown in Figure 2. In the resource exclusion procedure, each carrier will exclude their own resources by adjusting the threshold until there are at least 20% remaining resources. However, the remaining resource numbers of different carriers may be different, and different carriers may have experienced different numbers of threshold adjustments, which indicates different channel busy levels and interference levels for these carriers. This will provide inaccurate and insufficient information for the following resource subset selection, and degrades the resource selection performance. 
[image: ]
[bookmark: _Ref489953448]Figure 2. Resource selection if each carrier performs resource exclusion independently.
Therefore, when multiple carriers are involved, the heterogeneity of different carriers and the number of selected carriers should be incorporated in the decision of resource exclusion/selection. On one hand, selecting more carriers will bring us more candidate resources to select from, while on the other hand, it can also infer that the transmit power needs to be split to a larger extent, and thus power loss is incurred. Moreover, we would prefer to use the carrier with more resources remaining when there is no threshold increasing yet, because the channels in such carrier normally have lower busy level. Thus, we propose that the resource exclusion in V2X systems supporting CA should be enhanced to cover the factors discussed above, and joint resource exclusion among different carriers should be performed.
[bookmark: _Ref489949356]Proposal 3: In V2X systems supporting CA, the resource exclusion should be jointly performed for different carriers.
3.3 Resource subset selection 
In order to utilize the remaining resources in the different carriers appropriately, the resource subset selection after resource exclusion should also jointly consider these carriers. In resource subset selection, at first all the remaining resources are sorted by S-RSSI, and then the resource subset consisting of the  resources with smallest S-RSSI is reported to higher layers. 
[bookmark: _Ref489949380]Proposal 4: In V2X systems supporting CA, the resource subset selection should be jointly performed for different carriers.
3.4 Example of resource selection mechanism 
In Figure 3, we provide example procedures for the resource selection mechanism for V2X systems supporting CA. After performing exclusion for each carrier with default thresholds, we sort these carriers by the remaining resource number in descending order. Then we check whether the remaining resource number from only a subset of the carriers can satisfy the requirement. If so, the resource exclusion stops, and carriers in this subset will be selected; otherwise, we increase the thresholds by 3dB and perform resource exclusion and the following steps again. In the resource subset selection, the remaining resources of all selected carriers are sorted by the S-RSSI in ascending order, and the resources with smallest S-RSSI are selected to form the selected resource subset.
In this mechanism, both resource exclusion and resource subset selection have jointly considered different carriers, rather than performing resource exclusion/selection for each carrier independently. Thus, the resource exclusion is more balanced. Moreover, the carrier selection is a direct outcome of the resource exclusion procedure, and without introducing special procedures after resource exclusion. Furthermore, the carrier selection and the corresponding resource subset selection results are more accurate as they are directly based on the exact sensing result. If the number of carriers is one, the procedure becomes the legacy one in Rel-14.
[image: ]
[bookmark: _Ref490223730]Figure 3. Procedures of proposed resource selection mechanism.
4. Conclusion
In this contribution, the enhancements on the resource selection of V2X systems to support CA are discussed. The following proposals are made:
Proposal 1: In V2X systems supporting CA, the resource selection time windows for different carriers should be consistent.
Proposal 2: In V2X systems supporting CA, the criterion for stopping resource exclusion should be re-defined.
Proposal 3: In V2X systems supporting CA, the resource exclusion should be jointly performed for different carriers.
Proposal 4: In V2X systems supporting CA, the resource subset selection should be jointly performed for different carriers. 
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