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Introduction  
The following objectives form the crux of the 3GPP V2X phase 2 WI, which was approved in RAN#75:
	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);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
2. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would 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, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4].
Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2]



In this contribution, we consider the objective of supporting carrier aggregation over PC5, focusing on high level aspects from RAN2’s point of view.
Discussion
Carrier aggregation was introduced in LTE Rel-10 for UL/DL operation, with the aim of allowing the network to configure multiple component carriers (CCs) to support higher data rates and efficient spectrum utilization. For V2X operation, the situation is somewhat similar, with different frequency bands being configured for PS and non-PS related services in a region specific manner. In addition to flexible spectrum utilization, specifically for V2X, carrier aggregation over sidelink would allow handling of larger packets as outlined in the use case requirement by SA1 in [1]. 
In our view, carrier aggregation for LTE in UL/DL should be used as baseline when considering carrier aggregation over sidelink. Therefore, similar to LTE CA operation, a V-UE performing V2X communication over sidelink can be configured (depending on UE capability) to use multiple component carriers for transmission and reception in PC5. In addition, any specific aspects unique to sidelink operation should be individually discussed. For instance, Rel-14 V2V UEs support both mode 3 and mode 4 operation. Therefore, the question arises as to whether one or both of these modes of operation would be applicable for carrier aggregation. Another related aspect is support of cross-scheduling across component carriers. Moreover, UE capability aspects should also be considered. During LTE registration procedure, UE reports detailed carrier aggregation capability to the network in the UECapabilityInformation message. So, the question arises whether a particular UE’s support of carrier aggregation over sidelink might depend on its aggregation capabilities over DL/UL in some way and if so, should it be reported to the network. Nevertheless, for V2X operation over sidelink, one way of reporting this capability information among UEs could be as part of the discovery procedure. These issues need to be further discussed in RAN1 and RAN2 in more detail. 
In any case, at least the basic principles of carrier aggregation in LTE, e.g. concept of PCell/SCell (primary and secondary CCs), configurability of the usage of sidelink resources for each CC, reconfiguration/addition/removal of SCell should be applicable to CA over sidelink. The details of network involvement and mode specific operation with respect to each of the above can be discussed further.
Proposal 1:	Carrier aggregation principles in LTE should be considered as baseline for designing carrier aggregation operation over sidelink
Concept of PCell/SCell
[bookmark: _GoBack]LTE CA has the concept of PCell primary and SCell (composed of primary and secondary CCs respectively). The PCell serves as the source of RRC connectivity and NAS information as well as security inputs. The primary CC (corresponding to the PCell) also acts a source of synchronization and common system information. While there is no concept defined for a ‘cell’ in sidelink, defining a PCell similar to LTE can be useful to consider for SL carrier aggregation operation. In this way, PCell can carry the synchronization and broadcast information. In addition, it can also be responsible for SCell addition/removal and activation/deactivation. If defined, PCell can be configured by the network when in coverage or be pre-configured when out of coverage. 
Proposal 2:	The concept of PCell and SCell as in LTE should be considered for carrier aggregation over PC5.
Mode-3 vs Mode-4 operation
In Rel-14, Mode-3 resource allocation, whereby the eNB schedules resources for V2X transmission, and Mode-4 operation, whereby the UE autonomously chooses the resources for V2X communication, are both supported. Therefore, when considering carrier aggregation, it should be considered whether UEs operating in either of the resource allocation modes should be supported. For mode 3, the eNB provides specific PSCCH and PSSCH resources for use by the UE, which can be semi-persistently scheduled. Since this requires in coverage operation, the eNB can additionally signal the CA related information, e.g. the component carrier(s) used for the scheduled resources. 
For Mode-4 operation, the UE performs sensing and selects resources for transmission from a set of (pre)configured resources for PSCCH and PSSCH. In case the UE is in coverage, eNB can at least configure carrier aggregation operation over Uu. However, for out of coverage scenarios, in order for the UE to schedule V2V transmission over multiple CCs, there are a few issues. For example, how is each component carrier chosen for scheduling of resources in the absence of any assistance information from the network? Also, the UE now has to perform sensing and resource (re)selection potentially over multiple carriers, should this sensing/reselection of resources be performed per CC or in a joint fashion across all available CCs? Joint sensing and reselection across multiple CC, while seemingly more efficient, would impart greater complexity at the UE since it would need to acquire a more complete picture of how congested/overloaded each CC is. This also poses compatibility issues for Rel-14 UEs which may not be able to perform such operation. Therefore, we propose to discuss further whether additional enhancements to Rel-14 mode 4 sensing/resource selection operation are necessary to support carrier aggregation.
Proposal 3:	The need for enhancements to Rel-14 Mode-4 operation and signalling in order to support carrier aggregation over SL should be discussed in RAN2.
Cross-Carrier Scheduling
LTE supports both self and cross carrier scheduling, i.e. the scheduling assignment can be done per CC or it can correspond to a different CC. For carrier aggregation over sidelink, RAN1 has made the following agreement regarding carrier aggregation in RAN1#89:
	· 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
 



	· 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



While the second agreement seems to rule out cross-carrier sidelink scheduling since each carrier needs to carry the scheduling information for the associated PSSCH, it would be helpful to confirm that in RAN2. In addition, it does not preclude the case when PSCCH transmitted jointly with PSSCH on one carrier points to PSCCH/PSSCH on another carrier, which can use the same or different resources in different CCs. Possible interpretations of this are illustrated in Figure 1, whereby (a) seems to be precluded, i.e. each carrier carries PSCCH and its associated PSSCH. The other options represent the cases when the scheduling over CC#2 is done on the same resources as CC#1 or different ones. In that case, it is not clear whether the PSCCH in CC#1 contains this information for scheduling and should be clarified.


Figure 1 Possible interpretations of RAN1 agreement on carrier scheduling 
Based on ongoing discussions and agreements made in RAN1 so far [2], each transmission over different CCs could contain the same or different TBs. This could correspond to parallel transmission of MAC PDUs over different carriers with either the same or different payloads, which would impart higher throughput and reliability respectively. Therefore, we think that it would be useful to have this discussion on the uses cases above to clarify how they correspond to the set of service requirements outlined in [3] and the potential impacts on RAN2 work, e.g. duplicate detection in case of packet duplication over different carriers. 
 
Proposal 4:	RAN2 to confirm that based on RAN1 agreement, cross-carrier scheduling as in LTE carrier aggregation is not supported in sidelink.
Proposal 5:	RAN2 to discuss possible scheduling operation across multiple carriers over sidelink as outlined in RAN1 agreement and their potential impacts on RAN2 work.
Conclusion
This contribution discusses carrier aggregation over sidelink and makes the following proposals: 
Proposal 1:	Carrier aggregation principles in LTE should be considered as baseline for designing carrier aggregation operation over sidelink
Proposal 2:	The concept of PCell and SCell as in LTE should be considered for carrier aggregation over PC5.
Proposal 3:	The need for enhancements to Rel-14 Mode-4 operation and signalling in order to support carrier aggregation over SL should be discussed in RAN2.
Proposal 4:	RAN2 to confirm that based on RAN1 agreement, cross-carrier scheduling as in LTE carrier aggregation is not supported in sidelink.
Proposal 5:	RAN2 to discuss possible scheduling operation across multiple carriers over sidelink as outlined in RAN1 agreement and their potential impacts on RAN2 work.
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