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1
Introduction
In RAN1 #89, the following agreements were made for PC carrier aggregation (up to 8 PC5 carriers) for V2X phase 2 [1]:

	Agreement:
· 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

Agreement:

· 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 RAN1#90 following additional agreements were made for PC5 carrier aggregation:
	Agreement:

· From RAN1 perspective, no additional standardization work is needed for supporting Mode 3 scheduling in PC5 CA (up to 8 PC5 carriers)

· Send LS to RAN2.

Agreement:

· For the three CA use cases identified in RAN1#89
· First and third use case are prioritized in RAN1.
· For the second case, packet duplication can be done at higher layers (up to RAN2 to decide).

· Send an LS to RAN2 to inform them of the decision. 

Agreement:
· At least Rel-14 per-carrier independent sensing procedure and resource (re)selection is supported

· FFS whether other solution is needed. 

· FFS if sensing on multiple carriers as a single set of resources is supported

· 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

Agreement:

· Higher layer semi-statically provides potential carrier(s) for Tx and Rx for CA

· FFS how Tx carrier(s) is(are) selected within the set of potential Tx carrier(s) 

· 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)


In this document, we further discuss carrier aggregation for V2X phase 2. First, we provide an architecture level view spanning lower and upper layers to answer the fundamental issue on how carrier selection is done with CA for V2X. Keeping the high-level architecture in mind, we then discuss the RAN1 aspects with CA. The paper is organized as follows:

· Section 2 discusses the architecture for carrier selection with CA

· Section 3 discusses Mode 4 impacts

· Section 4 discusses synchronization assumptions

2
Architecture for carrier selection with CA

In this section, we provide our view on the high-level architecture that can be used for carrier selection for V2X.

From systems perspective, all the supported applications have their corresponding carrier frequency sets known at the V2X layer in the UE (as configured by V2X Control Function) . An application is identified using PSID. 

From a given UEs perspective, the carrier frequencies to either transmit and/or receive are determined by the set of applications currently running at the UE and their relative priorities (e.g., safety prioritized over non-safety applications). The V2X Layer in the UE determines the set of carrier frequencies to monitor based on the configured priorities (as received from V2X Control Function) and the application currently running in the UE. The set of carrier frequencies and their priorities (i.e. in which order to monitor / transmit in case of limited UE capability at Phy/MAC level) is then a semi-static configuration that the UE should follow. 
This approach is consistent with following RAN1 agreement:
	· Higher layer semi-statically provides potential carrier(s) for Tx and Rx for CA

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)
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Figure 1: Illustration of the high-level architecture for carrier selection

The UE behaviour can be further explained from Tx and Rx perspective. 

From V2X Tx UE perspective, when the packet is sent down from the application layer, it’s associated with the PSID (‘application id’) and the PPPP (priority). The V2X layer can then use the PSID to determine the set of carrier frequencies that can be used for that application packet. Note that the PSID-to-carrier frequency set mapping used by a UEs V2X Layer is a common to all UE as configured by the V2X Control Function. The V2X Layer passes the {Packet, PPPP, carrier frequency set for that packet} to the lower (Phy/MAC) layer for transmission. The UE also has a semi-static (RRC) configuration from the V2X Layer on the list of carrier frequencies and their associated priorities, so that RRC can direct lower layers to tune the Tx and Rx to appropriate carriers. The UE should then choose the frequencies in the carrier frequency set associated with the packet in the priority order dictated by the RRC configuration to perform the transmission based on UE capability.
From V2X Rx UE perspective, the application layer informs the V2X layer of the application layer currently running in the UE and the V2X layer performs the semi-static (RRC) configuration for the lower layers with the list of carrier frequencies and associated priorities. A UE with limited receiver chains should then simply tune its receiver to the carriers of highest priority among the list of carriers. 

Note that the above architecture is based on the rationale that the carrier selection need to be semi-static in order to accommodate UEs with different capabilities. With dynamic selection of carrier (for example based on congestion etc.) the mismatched UE capability problems will often lead to the case when UE transmits on a carrier on which at least some of the receiver(s) may not be listening. With semi-static RRC configuration of carrier priority, however, this is avoided as Tx happens always on the higher priority carriers on which receivers with limited capability will be listening. Thus, as long as the configurations provided by V2X server (for the system) and V2X layer (at the UE) are correct, mismatched UE capability problem is controlled as desired and intended (e.g., only for low PPPP packets for some applications, if allowed).

2.1 Example to explain the architecture

To exemplify the working of this architecture, let us assume there are 3 available V2X carriers that are used for different applications (safety and non-safety). Let’s assume there are two applications – one safety (PSID-1) mapped exclusively to carrier-1, and one non-safety (PSID-2) that can use carrier-2 and carrier-3, with carrier-2 being ‘higher-priority’ than carrier-3.

· UE 1 has capability 2-Tx + 2-Rx, and is transmitting/receiving both PSID-1 and PSID-2

· UE 2 has capability 1-Tx + 2-Rx, and is receiving PSID-1 and PSID-2

· V2X layer directs RRC as per following order (for UE1 and UE2)

· Carrier 1: 
Priority 1

· Carrier 2:
Priority 2

· Carrier 3: Priority 3

· UE -2 will tune its two Rx chains to carrier 1 and carrier 2 (i.e. the two highest priority carriers)

· Case 1: UE-1 transmitting safety (PSID-1). V2X layer sets PPPP as high and carrier frequency set = {carrier1}.

·  UE-2 can receive the safety message

· Case 2: UE-1 transmitting non-safety (PSID-2) message, but with high PPPP. The V2X layer sets carrier frequency set = {carrier-2}

· UE-2 can receive the high PPPP non-safety message (PSID-2).
· Case 2: UE-1 transmitting non-safety (PSID-2) message, but with low PPPP (with the understanding that it’s OK not to reach to all UEs). The V2X layer may set the carrier frequency set = {carrier 2, carrier 3}. Based on UE-1 implementation, say UE-1 decides to transmit this packet on carrier 3.

· UE-2 can-not receive the low PPPP non-safety message in Case 2 due to its limited RX capability (that is acceptable by design / V2X server configuration in this example)

Note in the above example, a higher capability UE (e.g., with 3Rx chains) can receive all messages. Nonetheless, the lower capability UE (UE-2) can receive all the essential packets as dictated by the V2X server configuration.

Observation 1: Carrier selection must be semi-static based on UE capability and applications currently being run at the UE. Dynamic carrier selection will lead to uncontrolled mismatch UE capability problem at the system level.

Observation 2: V2X layer within the UE controls the PSID-to-carrier frequency set mapping, and provides the semi-static configuration with (carrier frequency, priority) to RRC. 

Proposal 1: From RAN1 perspective, it is assumed that upper-layers provide the following information to AS.

1. List of carriers with priority associated with each carrier is provided to the UE as RRC (pre)configuration.
2. For each Tx packet, the associated PPPP and carrier frequency set to transmit that packet.

Proposal 2: Carrier selection is performed at the UE using the (pre)configuration at V2X layer, PPPP and incoming carrier frequency set associated with transmission of a packet

· Rx UE should tune its receiver chains to the carriers with highest priority in the configuration

· Tx UE should select a subset of carriers within the set of carriers provided by V2X layer for transmission of packet

3
Mode 4 impact

As discussed in Section 2, the carrier selection needs to be performed in a semi-static manner to avoid the problem of mismatched UE capabilities. Thus, carrier selection need to be performed prior to resource (re)selection procedures. 

Proposal 3: Mode 4 sensing based resource (re)selection is performed independently on each carrier used for transmission

Proposal 4: No changes to Rel-14 sensing based resource (re)selection procedure is needed for carrier aggregation.

Even after performing resource selection independently on each carrier if there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carrier due to limitation in available power then UE should prioritise transmission of higher PPPP packets. If there is overlap in one TTI of same PPPP packets in different carriers, then it should be left to UE implementation to perform transmission if it is constrained in terms of available power.

Proposal 5: If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carrier due to limitation in available power, then UE should prioritise transmission on higher PPPP packets.
Proposal 6: If there is overlap in one TTI of same PPPP packets in different carriers then it should be left to UE implementation to perform transmission if it is constrained in terms of available power.
4
Synchronization

For Rel-15 V2X Phase 2, we propose to prioritize the case when all the carriers being aggregated are synchronous w.r.t. subframe boundaries. The DFN may be misaligned as it does not need any special handling to be supported.

Proposal 7: For V2X phase 2 carrier aggregation, RAN1 should prioritize the case when all the carriers are synchronized w.r.t. subframe boundaries. 
5
Conclusion 

In this contribution, we discussed details carrier aggregation for V2X phase 2 we propose: 

(Carrier selection)

Observation 1: Carrier selection must be semi-static based on UE capability and applications currently being run at the UE. Dynamic carrier selection will lead to uncontrolled mismatch UE capability problem at the system level.

Observation 2: V2X layer within the UE controls the PSID-to-carrier frequency set mapping, and provides the semi-static configuration with (carrier frequency, priority) to RRC. 

Proposal 1: From RAN1 perspective, it is assumed that upper-layers provide the following information to AS.

1. List of carriers with priority associated with each carrier is provided to the UE as RRC (pre)configuration.
2. For each Tx packet, the associated PPPP and carrier frequency set to transmit that packet.

Proposal 2: Carrier selection is performed at the UE using the RRC (pre)configuration, PPPP and incoming carrier frequency set associated with transmission of a packet
· Rx UE should tune its receiver chains to the carriers with highest priority in the configuration

· Tx UE should select a subset of carriers within the set of carriers provided by V2X layer for transmission of packet

(Mode 4 impact)

Proposal 3: Mode 4 sensing based resource (re)selection is performed independently on each carrier used for transmission

Proposal 4: No changes to Rel-14 sensing based resource (re)selection procedure is needed for carrier aggregation.

Proposal 5: If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carrier due to limitation in available power, then UE should prioritise transmission on higher PPPP packets.
Proposal 6: If there is overlap in one TTI of same PPPP packets in different carriers then it should be left to UE implementation to perform transmission if it is constrained in terms of available power.
(Synchronization)

Proposal 7: For V2X phase 2 carrier aggregation, RAN1 should prioritize the case when all the carriers are synchronized w.r.t. subframe boundaries. 
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