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1 Introduction
In RAN#75, it was approved a new work item 3GPP V2X Phase 2 [1] to support advanced V2X services which are identified in SA1 TR 22.886 [2]. The work item includes the objective to enhance the carrier aggregation functionalities to up to 8 carriers.
In principle, multi-carrier operations are already allowed in Rel.14. In our companion paper [3], we highlight the differences of this new carrier aggregation framework compared with the Rel.14 scenarios.

In this paper, we elaborate more on the new carrier aggregation functionalities that should be supported in Rel.14 

2 Discussion
In the following, we discuss the possible enhancements to carrier aggregation that RAN2 should discuss. We first discuss mode-3 aspects and then mode-4 aspects.
2.1 Cross-carrier scheduling aspects
Cross-carrier scheduling for PC5 can be considered from two different perspectives which are

1. Cross-carrier scheduling from Uu-carrier about the data transmission on PC5 carrier.
2. PSCCH and its associated PSSCH transmitted on different PC5 carrier. 


Option-1 basically corresponds to Rel.14 functionalities, in which the eNB can perform mode-3 or mode-4 cross-carrier scheduling of PC5 carriers. 
For mode-3, the scheduling information is signalled to the UE using DCI 5A on the Uu-carrier along with carrier indicator field (CIF) which indicates the sidelink carrier to be used for PSSCH transmission. In particular, the CIF in DCI 5A is a 3-bits field which means that cross-carrier scheduling can already support up to 8 carriers. The RRC signalling designed in Rel.14 also allows the network to configure the UE to transmit on V2X pools of other carriers both for mode-3 and mode-4 usage. 
Therefore, this option seems to be already supported both from RAN1 and RAN2 perspective and we do not foresee any specific enhancements in Rel.15
Proposal 1 Mode-3 and mode-4 cross-carrier scheduling is already supported in Rel.14. No specific enhancements are foreseen in Rel.15. 

Option 2 instead implies that scheduling assignment on SCI and the related data on PSSCH are transmitted on different carriers. This feature might have the benefit to reduce the control overhead on some sidelink carriers. However, it presents a backward compatibility issue, since Rel.14 UEs would not be able to decode PSCCH in one carrier and PSSCH in another carrier. For this reason, RAN1 agreed the following:
	From RAN1#89 agreements:

· 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 any case, the above does not seem to have a direct impact in RAN2 specifications.

Observation 1 RAN1 has agreed that SCI on PSSCH related to a certain data transmission will be transmitted in the same carrier in which this data transmission occurs. 
2.2  Sensing/scheduling enhancements
According to mode-4 resource allocation, a UE autonomously performs scheduling using sensing procedure. The physical layer senses the V2X resource pool, it passes to MAC a set of transmitting resources which are deemed to be free according to the sensing procedure, and finally MAC performs selection/reselection (including booking) of transmitting resources from the above set. 
Observation 2 In legacy sidelink, there is one MAC entity which is in charge to perform selection/reselection of transmitting resources according to the sensing results.
The simplest solution to extend the above behaviour to multiple carriers is that the physical layer performs sensing independently in each individual component carrier, and similarly the MAC layer performs scheduling of the MAC PDUs independently in each component carrier. This basically implies that similar to Uu carrier aggregation, each component carrier is associated to a sidelink HARQ entity and each HARQ entity is in charge to perform selection/reselection procedures according to Rel.14 procedures.
An alternative enhancement could be that the sensing and scheduling procedures are performed jointly on all the component carriers, e.g. the physical layer performs sensing on all the component carriers, and the MAC entity performs selection/reselection of the transmitting resources jointly on the different component carriers. However, the gains of this solution are not clear, and it might complicate the MAC specification since each carrier may have different configurations parameters which would make a joint scheduling allocation difficult to be implemented.
The same reasoning is also compliant with mode-3 operations, i.e. there is one HARQ entity for each component carrier in which the UE is scheduled.
Proposal 2 Introduce a sidelink HARQ entity for each sidelink component carrier.
Proposal 3 A sidelink HARQ entity is in charge to perform selection/reselection of transmitting resources according to the sensing results of the associated sidelink component carrier.

2.3 Enabling multi-carrier transmissions

As highlighted in [3], some sort of multi-carrier functionality is already supported in legacy. However, in legacy, multi-carrier transmissions are essentially dictated by regulatory requirements (e.g. different services transmitted in different carriers) and not by RAN criteria. 
Observation 3 As highlighted in [3], multi-carrier transmissions in Rel.14 are dictated by regulatory requirements and not by RAN criteria.
On the other hand, according to the WID [1], in Rel.15 the need for carrier aggregation/multi-carrier transmissions is due to a new set of use cases which requires higher reliability, higher capacity, increase data rates. For this reason, RAN criteria are needed to ensure a fair usage of the available carriers and in order to realize a real capacity enhancement. 
In case of mode-3, it is the eNB which decides whether to schedule one (or) more component carriers for the UE depending on its radio capabilities. The eNB can take as input the sidelink buffer status reports, the CBR measurement reports, etc.

But for mode-4, it seems useful to specify new criteria to determine when the UE is allowed (or not allowed) to use a certain sidelink component carrier. For example, it is important that UEs that do not support multi-carrier transmissions are not penalized by UEs which instead support multi-carrier transmissions. Simple criteria to activate/deactivate a sidelink component carrier can be considered, e.g. the sidelink buffer status, the CBR of the different sidelink component carriers, the priority of the packets in the buffer, etc.
Proposal 4 RAN2 specifies RAN criteria to allow capacity enhancements and a fair usage of the multiple sidelink component carriers.

Proposal 5 For mode-4, the network indicates criteria (e.g. sidelink buffer status, CBR, packet priority, etc.) to determine when the UE is allowed to use additional sidelink component carriers. 

Proposal 6 For mode-3, the eNB explicitly schedules the UE in one or more component carriers, depending on the UE capability.
2.4 On TX and RX capability

From the transmission (TX) perspective, we distinguish two types of capabilities to support the agreed use-cases of CA on PC5: (1) dynamic carrier selection i.e. the UE dynamically switches across TX carriers and a single TX chain is sufficient. (2) carrier aggregation i.e. the UE can simultaneously transmit over multiple carriers. The latter obviously requires more complexity in terms of UE RF capabilities.
Such distinction is also mentioned in the following RAN1#89 agreements, in which RAN1 indicates that parallel transmissions can take place either simultaneously or at different transmission times.

	From RAN1#89 agreements:

· 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




Observation 4 RAN1 indicated the UE may transmit on different carriers either simultaneously or at different times. 

For the sake of mode-3, it seems important that the UE indicates whether it is capable to really execute carrier aggregation functionalities, i.e. parallel transmissions on different carriers at the same time, or not, i.e. parallel transmissions on different carriers at different times. In this way, the eNB knows whether this UE can sustain a sidelink grant which schedules the UE for simultaneous transmissions on different carriers. However, from RAN2 perspective, no major changes to capability signalling seems needed, since already the existing Rel-14 capability allows the UE to report its capability of simultaneously transmit on different carriers.
Proposal 7 The legacy TX/RX capability signalling is used as baseline.

From Rx perspective, a UE with additional capability should clearly benefit from enhanced system capacity improvements, but the protocols should enable reception also for UEs with single Rx chain (e.g. Rel. 14 UEs). Furthermore, from a Rx perspective we do not see the point of supporting specific dynamic carrier selection criteria as proposed in Section 2.3 for transmission. A UE should better monitor multiple carriers (depending on its UE capability) continuously also to capture the associated SCI, but no.

Proposal 8 For PC5 reception, a UE may receive on multiple carriers depending on its capabilities. However, no specific dynamic carrier selection criteria need to be specified as for transmission.
3 Conclusion

In section 2 we made the following observations:
Observation 1
RAN1 has agreed that SCI on PSSCH related to a certain data transmission will be transmitted in the same carrier in which this data transmission occurs.
Observation 2
In legacy sidelink, there is one MAC entity which is in charge to perform selection/reselection of transmitting resources according to the sensing results.
Observation 3
As highlighted in [3], multi-carrier transmissions in Rel.14 are dictated by regulatory requirements and not by RAN criteria.
Observation 4
RAN1 indicated the UE may transmit on different carriers either simultaneously or at different times.


Based on the discussion in section 2 we propose the following:
Proposal 1
Mode-3 and mode-4 cross-carrier scheduling is already supported in Rel.14. No specific enhancements are foreseen in Rel.15.
Proposal 2
Introduce a sidelink HARQ entity for each sidelink component carrier.
Proposal 3
A sidelink HARQ entity is in charge to perform selection/reselection of transmitting resources according to the sensing results of the associated sidelink component carrier.
Proposal 4
RAN2 specifies RAN criteria to allow capacity enhancements and a fair usage of the multiple sidelink component carriers.
Proposal 5
For mode-4, the network indicates criteria (e.g. sidelink buffer status, CBR, packet priority, etc.) to determine when the UE is allowed to use additional sidelink component carriers.
Proposal 6
For mode-3, the eNB explicitly schedules the UE in one or more component carriers, depending on the UE capability.
Proposal 7
The legacy TX/RX capability signalling is used as baseline.
Proposal 8
For PC5 reception, a UE may receive on multiple carriers depending on its capabilities. However, no specific dynamic carrier selection criteria need to be specified as for transmission.
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