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Introduction
At RAN #75, a new WI for 3GPP V2X Phase 2 was approved [1]. Carrier aggregation on PC5 will be supported: 
1. 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);
At RAN1 #88bis meeting, there were some WFs and offline discussion on sidelink carrier aggregation, but no agreement yet. In this contribution, we discuss potential issues and scenarios for sidelink carrier aggregation.
[bookmark: _Ref129681832]Scenarios of PC5 carrier aggregation 
In Rel-10, carrier aggregation was first introduced in LTE to support up to 5 carriers for both uplink and downlink. In Rel-12, dual connectivity was supported to allow carriers from different eNBs scheduled for one UE. In Rel-13, up to 32 carriers can be aggregated for one single UE. For all these items, carrier aggregation was mostly specified in order to improve the system capacity and UE peak date rate. We propose to use the carrier aggregation principles used for cellular communication for sidelink communication as well.
Proposal 1: Use the already specified carrier aggregation mechanisms for cellular as the baseline for sidelink carrier aggregation
Based on whether the carriers used for PC5 are standalone or non-standalone, and whether the scheduling carrier used in Uu is the same or not with one of the PC5 carriers, we can define three scenarios of interest for PC5 carrier aggregation, as shown in Figure 1. 
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	Scenario 3.


Figure 1. Scenarios definition for PC5 carrier aggregation.
The characteristics of scenario 1 are as follows:
· At least two standalone PC5 carriers (f2, f3,…)
· Operation on PC5 independent of operation on cellular carrier
· Autonomous resource allocation (mode 4 operation)
For scenario 2:
· One “anchor” carrier f1 that can be used to schedule UEs on the PC5 carriers (either in-coverage or in partial-coverage)
· At least one dedicated PC5 carrier
· If anchor cell is included on PC5, at least one other dedicated PC5 carrier (f2, or f3,…)
· If anchor cell is not included on PC5, at least two other dedicated PC5 carriers (f2, f3,…)
· Scheduled resource allocation (mode 3) or autonomous resource allocation (mode 4)
· The scheduling carrier f1 could be Uu only or shared between Uu and PC5
· Cross-carrier scheduling is needed for f2 and f3
For scenario 3:
· At least two PC5 carriers (f2, f3,…)
· One “anchor” carrier f1 used to schedule UEs on the PC5 carriers (either in-coverage or in partial-coverage)
· Scheduled resource allocation (mode 3) or autonomous resource allocation (mode 4)
· The scheduling carrier f1 is Uu only: unlike scenario 2, no PC5 operation of f1
· Cross-carrier scheduling is needed for f2 and f3
These three scenarios should be supported.
Proposal 2: the following scenarios for PC5 carrier aggregation are supported
· Scenario 1: 	Standalone PC5 carriers only
· Scenario 2:	Non-standalone PC5 carrier(s) and one carrier with both Uu and PC5 operation
· Scenario 3:	Non-standalone PC5 carriers, one scheduling carrier with Uu operation only

Potential issues of PC5 carrier aggregation
There are many issues to address in order to specify PC5 carrier aggregation. At least the following three issues need to be considered, and can be taken as a starting point for discussion. Some other issues may also need to be further studied, such as, e.g. traffic balance, power sharing, soft buffer partition, etc., and may be addressed later in this WI: 
· Equivalent concept of a Pcell (if needed)
· Cross-carrier scheduling 
· Necessary changes to the resource allocation procedure
Pcell concept
The Pcell concept was introduced in Rel-10. The primary carrier is where system information and some common control signals and channels such as PSS/SSS, PBCH, the paging channel, are transmitted. When dual-connectivity was standardized in Rel-12, the concept was extended for the SeNB. For PC5 carrier aggregation, it is worthwhile discussing if a concept of Pcell is needed.
Some of the motivations to have a Pcell still exist: common system information still needs to be transmitted in some cases: for instance, synchronization signals still need to be present. If they are transmitted on the Pcell only, a UE only needs to monitor a single carrier to get synchronization. The UE transmitting the synchronization signals only needs to transmit on one carrier. Consequently, with a Pcell, power consumption and UE complexity are reduced. For in-coverage cases, the Pcell can be configured by the eNB. For out-of-coverage cases, the Pcell can be configured. At least synchronization information (PSSS, SSSS, PSBCH) are transmitted on the Pcell.
Proposal 3: For PC5 carrier aggregation, a Pcell is defined
· The Pcell is either pre-configured or configured by the eNB
· Common system information, including at least synchronization signals and PSBCH, is transmitted on the Pcell.

Cross-carrier scheduling 
There are two ways to view cross-carrier scheduling, as shown in Figure 2: from the eNB perspective, where the eNB can schedule on any PC5 carrier, but where the UE sends the SCI on the PC5 carrier only, or from the UE perspective, where the UE can schedule a PC5 carrier from another PC5 carrier. 
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	Cross-carrier scheduling at eNB
	Cross-carrier scheduling at UE


Figure 2. Cross-carrier scheduling.
In Rel-14 V2X, cross-carrier scheduling is already supported from Uu to PC5, with a 3-bit carrier indicator in DCI format 5A. This signaling from eNB to UE is enough to support PC5 cross-carrier scheduling from the eNB perspective for Rel-15 as well. 
 Cross-carrier scheduling at the UE requires some specification work. For instance, the current SCI format 1 does not allow cross-carrier scheduling, thus a new SCI format would need to be defined. However, supporting cross-carrier scheduling at the UE has several advantages:
· From the receiver perspective: if the SA is located on only one PC5 carrier, a UE only needs to monitor one channel to get control information. The total number of blind decoding can be reduced. The implementation complexity and power consumption can be reduced for the receivers, especially for P-UEs.
· For the group of UE that shares the same resource pool and carriers, if the scheduling assignments is located on one single carrier only, while on other carriers, only data is carried, the design of resource pool and multiplexing between SA and data is simple. Essentially, a carrier (potentially narrower than data carriers) is used for transmitting control only
· The PC5 carrier where SA is located can be UE specific, which can help the transmitters getting their needed resources under congestion control.

Thus, we have the following proposal:
Proposal 4: Support cross-carrier scheduling both at the eNB and at the UE
Necessary changes to the resource allocation procedure
For mode-4, sensing and reservation mechanism was introduced to reduce the probability of resource collision. The Rel-14 sensing and reservation mechanism needs to be enhanced to support PC5 carrier aggregation.
A simple solution could have the UE sensing and monitoring all carriers. While this is a good solution for some cases, it is suboptimal in terms of power consumption and UE complexity, and not always necessary: for instance, the UE may need to monitor the carrier(s) with safety information all the time. However, for a carrier with non-safety critical information, the UE may not always need to sense. Thus, a frequency domain partial sensing mechanism should be introduced to reduce UE complexity.
Proposal 5: Frequency domain partial sensing is supported:
· The UE only monitors a subset of the PC5 carriers

Some additional optimizations could be considered. For instance, at least the resource exclusion step and the random selection step of the sensing procedures may be enhanced for PC5 carrier aggregation.
Conclusion
Based on the above discussion, we propose that:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Use the already specified carrier aggregation mechanisms for cellular as the baseline for sidelink carrier aggregation
Proposal 2: the following scenarios for PC5 carrier aggregation are supported
· Scenario 1: 	Standalone PC5 carriers only
· Scenario 2:	Non-standalone PC5 carrier(s) and one carrier with both Uu and PC5 operation
· Scenario 3:	Non-standalone PC5 carriers, one scheduling carrier with Uu operation only
Proposal 3: For PC5 carrier aggregation, a Pcell is defined
· The Pcell is either pre-configured or configured by the eNB
· Common system information, including at least synchronization signals and PSBCH, is transmitted on the Pcell.
Proposal 4: Support cross-carrier scheduling both at the eNB and at the UE
Proposal 5: Frequency domain partial sensing is supported:
· The UE only monitors a subset of the PC5 carriers
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