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1
Introduction
In RAN2#99 [1], the following agreements were made for PC5 carrier aggregation (up to 8 PC5 carriers) for V2X phase 2 [2]:

	Agreement:
· RAN2 will study a proper Tx carrier selection from AS point of view (with the consideration of inter-layer interactions with upper layers)
· FFS on how to handle limited Rx chains
· A SL HARQ entity per SL carrier

· 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.
· both in coverage and out of coverage scenarios should be considered for PC5 CA


RAN2#99bis [3] made the following agreements for PC5 carrier aggregation (up to 8 PC5 carriers) for V2X phase 2:

	Agreement:
Carrier selection in CA

· CBR should be considered for the UEs’ Tx carrier selection in PC5 CA from RAN2 perspective.
· Priority indicated by PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective. Not closed for other factors.

· AS is aware of candidate V2X frequencies for V2X packet transmissions, which configured by upper layers (Same as Rel-14). FFS on the additional need in Rel-15.

· UE capability on PC5 CA should be considered for the UE’s Tx carrier selection from RAN2 perspective. However no additional specification impacts are foreseen at the moment.

· Configuration/Preconfiguration of PC5 carriers (at least one candidate set of PC5 CC) for the UE’s Tx carrier selection (like Rel-14). FFS if further standard changes (including UE behaviors) are needed for Rel-15 eV2X.

· From RAN2 point of view we do NOT need a PCC and SCC.

· No need of activation/deactivation mechanism for carriers.

· FFS on how to handle Rx limited V2X UE.

Packet duplication:

Agreed with the need of duplication.

Resource selection in CA

- As in the legacy specification, one resource pool is associated to a single carrier only.
· - For parallel transmissions on different carriers, UE RRC selects different pools on different carriers, UE MAC performs resource (re-)selection on each selected pool.


In RAN1#90 [4] the 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)


R1-1719151 [5] includes the following working assumptions made for PC5 carrier aggregation in RAN1#90:

	Working assumption:

· For a given MAC PDU, RAN1 assumes that a single carrier is provided by higher layer for its transmission. 

· From RAN1 perspective, the following factors can be taken into account for TX carrier selection.  

· CBR

· UE capability (e.g. number of TX chains, implementation related aspects such as power budget sharing capability, TX chain retuning capability)

· For a given MAC PDU, a single carrier is used for transmission and potential retransmission of this MAC PDU.

· From RAN1 perspective, once a carrier is selected, the same carrier is used for all MAC PDUs of the same sidelink process at least until resource reselection is triggered for that same sidelink process based on Rel-14 triggering conditions. 

· Note that the UE is not precluded to switch transmission chains between component carriers for different sidelink processes


In this document, we discuss the carrier selection as well as the resource selection issues for carrier aggregation for V2X phase 2 based on all the above RAN1 and RAN2 agreements. 
First, we discuss the FFS issue about “handle limited Rx chains” and explain why the Tx-carrier selection problem is related to Rx-carrier selection issue. Then, 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 RAN2 aspects with CA in both mode 4 and mode 3, including some issues with resource selection. The paper is organized as follows:
· Section 2 discusses the FFS about handle limited RX chains.
· Section 3 discusses the architecture for carrier selection with CA.
· Section 4 discusses Mode 4 scenarios (include both in-coverage and out-of-coverage scenarios).
· Section 5 discusses Mode 3 scenarios and impact to mode 3 procedures.
2
Carrier Selection Coordination between Tx and Rx
It is important that the UEs with limited RX capability needs to be considered. The complexity associated with implementing multiple RX chains in a V2X device are not trivial. Thus, we cannot assume all Rel-15 V2X UEs are able to receive all 8 PC5 carriers automatically. From this perspective, UEs with limited RX chain is not a rare case, but a common case because any UEs with less than 8 RX chains can be regarded as limited RX UE. Such a UE has the risk to miss some traffic as long as the V2X service(s) it wants to receive span crossing all 8 carriers. 
Observation 1: UEs with limited RX capability is a common case for CA of V2X.
As explained in another RAN2 paper about RX carrier selection [6], both safety and non-safety use cases needs to be supported in Rel-15.  UEs with limited RX chains shall not be categorically precluded from receiving any of those service. Therefore, for the scenario that the number of carriers available/allowed for a V2X packet transmission is more than the RX UE can handle, the carriers a TX UE intends to use need to be the same carriers all or the majority of RX-UEs are able to listening to. 
Proposal 1: 
RAN2 to confirm that TX-carrier selection needs to be coordinated with RX carrier choices and support limited Rx chain case. 

3
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 in Rel-15.

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 UE’s 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. 
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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 to appropriate carrier(s). 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, so that RRC can direct lower layers to tune the Rx to appropriate carrier(s). 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).

Also, note that his approach is also 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)


3.1 
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 3 Rx 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 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 layer and RRC layer of the UE finalizes this semi-static configuration by taking the AS layer constraints into account (UE capability, etc.). 

Proposal 2: 
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.

Proposal 3: 
From RAN2 perspective, it is assumed that the following information to be used in carrier selection in AS layer.

1. List of carriers with priority associated with each carrier given all active service type(s) and UE capability constraints.

2. For each Tx packet, the associated PPPP and carrier frequency set to transmit that packet.

Proposal 4: 
Carrier selection is performed at the UE using the priority of frequency, PPPP and incoming carrier frequency set associated with the packet to be transmitted:
· Rx UE should tune its receiver chains to the carriers with highest priority in the configuration

· Tx UE should select a carrier subset within the set of carriers provided by V2X layer for transmission of packet. 
After the TX UE select a subset of carriers for its V2X transmission, it will assign the traffic to different carriers based on the priority of the carrier and the PPPP of the packet. Among this subset, there could be the carriers with the same priority, the assigned traffic can then be transmitted in any of those carriers. The CBR can be used to create a dynamic sharing of those carriers of the same priority. For carriers with different configured priority, it is not recommended to shift packet transmission from one carrier to another carrier based on CBR, because different TX UEs will make different decisions due to the varying CBR measurements. As a result, the RX UE may have no way to keep receiving the traffic by just tuning its receivers to the carrier(s) with highest priority in the configuration.
Proposal 5: 
CBR is considered by a TX UE to adjust traffic allocated to the set of carriers associated with the same priority.
4
Mode 4 Scenarios and Impact
As discussed in Section 3, 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 the autonomous resource (re)selection procedures used by Mode 4 UEs. In RAN2#99 and RAN1#90Bis, both RAN2 and RAN1 has agreed or assumed that Mode 4 sensing based resource (re)selection is performed in MAC layer independently on each pool in each carrier used for transmission. Also, RAN1 has assumed that for a given MAC PDU, a single carrier is provided by higher layer for its transmission. Once a carrier is selected, the same carrier is used for all MAC PDUs of the same sidelink process at least until resource reselection is triggered for that same sidelink process based on Rel-14 triggering conditions. Therefore, the resource selection triggering scheme shall be largely inherited from Rel-14, without any new triggers to be added due to the need for carrier selection.
However, as resource selection are independent per carrier, when multiple carriers are used by the TX UE for transmissions, it is possible that UEs may independently choose the candidates in different carriers but occurring exactly in the same subframe. If the TX UE cannot transmit in multiple carriers simultaneously, then it has to give up and waste the reserved resources. 

RAN1 has already agreed that the candidate set(s) reported to MAC layer does not change from R14 per carrier, so we cannot count on lower layers to provide non-conflicting candidates for resource (re)selection. So, RAN2 now face a question that how to solve this issue. We think there are two options can be considered:
· Option 1: No changes from Rel-14 procedure

· Option 2: If the UE is unable to make a transmission on the selected time-frequency resource (configured Sidelink grant) due to conflicting PC5 transmission on other carriers that exceed UE capability support, then it is up to UE implementation to either do one shot or do reselection
The problem with the first option is that the above-mentioned problem could occur very frequently. If simply based on R14 procedure, then the UE cannot transmit due to a variety of of UE capability constraints, e.g., same subframe with limited TX capability, or adjacent subframe(s) with limited TX capability (because the TX chain switching is not fast enough). As a result, this would be a disservice to upper layers as the due packet transmissions cannot happen. Based on the above considerations, we prefer to adopt Option 2.
Proposal 6:
 If the UE is unable to make a transmission on the selected time-frequency resource (configured Sidelink grant) due to conflicting PC5 transmission on other carriers that exceed UE capability support, then it is up to UE implementation to either do one shot or do reselection.
4.1
Out-of-coverage UE

In out-of-coverage case, the carrier selection will be done in PHY/MAC layer by the UE itself, the information used for Tx/Rx carriers selection comes from both upper layer (V2X layer) and RRC layer. In V2X layer, the PSID-to-frequency mapping is fetched by UE from V2X Control Function when the UE was in coverage, or preconfigured in ME or UICC, as specified in TS 24.386 [7]. In RRC layer, the PC5 CC list is provided as part of radio resource preconfiguration per geographical area [8]. So, UE could decide the proper CC priority list based on its own location and configurations provided by V2X layer based on all active PSIDs. In this way, the TX and RX carrier selection decision can be made by the UE without any signaling exchange with the network side, as shown in Figure 1. 
4.2
In-coverage idle UE

This is similar to out-of-coverage UE case, the only difference is that the eNB provides the PC5 frequency list and resource pool configurations instead of using preconfiguration.
4.3
In-coverage connected UE

In this case, the UE can send a SidelinkUEinformation to the eNB include all semi-static information, e.g., the set of CCs mapped from all active PSIDs, the related ranking or priority among those CCs, and other semi-static per-carrier information. Then, it receives the semi-static CC priority list in dedicated RRC signaling (e.g., in RRCConnectionReconfiguraion).  Regarding the per-packet TX operation, the eNB is still not involved and the UE make autonomous carrier selection and resource selection decisions based on PPPP and other per-packet information.
5
Mode 3 scenario and impact

In case of Mode 3, slightly different from the procedure depicted in Figure 1, the semi-static configuration on V2X carriers and their associated priorities are provided by the eNB in dedicated RRC signaling, as similar to the discussed case in section 4.3. Consistent with Rel-14 behaviour, the UE can use SidelinkUEinformation message to the eNB to indicate the list of PPPPs and PSID or intended frequencies being monitored by the UE such that the eNB can provide the right configuration.

Cross-carrier scheduling was supported in Rel-14. The UE is configured with the carriers and the associated identifiers (CIF) by the eNB using RRC reconfiguration. The DCI then includes the CIF to indicate the carrier for which the resource allocation is provided by the eNB. Thus, For Mode 3 SL grant, the carrier information is provided by the eNB in DCI.

However, as eNB is responsible for the per-packet scheduling in sidelink, the eNB also needs to make the carrier selection decisions based on sidelink buffer status reports. So far, whether a buffered packet is to be sent in one or multiple carriers is only known by the UE, but not available to the eNB. 
The existing mode 3 scheme allows the UE to sequentially report its interested TX frequency (up to 8) in SidelinkUEinformation message, and each frequency can be associated with multiple Destination Layer 2 IDs, which are sequentially mapped to the Destination Index(es) according to TS 36.321. The total number of Destination Layer 2 IDs is no more than 16, due to the 4-bit size limit of “Destination Index” in Sidelink BSR MAC Control Element. It is a convoluted way to use “Destination Index” to derive the frequency carrier indirectly by eNB, which might work if  packets belong to each Destination layer 2 ID are only to be transported in a single frequency. 
However, it is unclear how to use this legacy Rel-14 method to inform the eNB the amount of packets buffered for scheduling on the “carrier aggregation” case, because there is no clear and direct mapping between a certain Destination Layer 2 ID and the allowed carrier frequencies which the MAC PDU to that destination can be scheduled. There is also a concern that the limit of 16 destination indexes will no longer be enough if UE supports multiple V2X services at the same time. 

Observation 3: In case of mode 3, whether a buffered packet is to be scheduled in one or more carriers is only known by the UE, but not available to the eNB. The legacy Rel-14 scheme is insufficient in case of carrier aggregation.

Proposal 7: 
RAN2 to discuss how to handle this issue of lack of clear frequency information in BSR in case of Mode 3 scheduling for carrier aggregation. 

6
Conclusion 

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

Proposal 1: 
RAN2 to confirm that TX-carrier selection needs to be coordinated with RX carrier choices and support limited Rx chain case. 

Proposal 2: 
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.

Proposal 3: 
From RAN2 perspective, it is assumed that the following information to be used in carrier selection in AS layer.

1. List of carriers with priority associated with each carrier given all active service type(s) and UE capability constraints.

2. For each Tx packet, the associated PPPP and carrier frequency set to transmit that packet.

Proposal 4: 
Carrier selection is performed at the UE using the priority of frequency, PPPP and incoming carrier frequency set associated with the packet to be transmitted:
· Rx UE should tune its receiver chains to the carriers with highest priority in the configuration

· Tx UE should select a carrier subset within the set of carriers provided by V2X layer for transmission of packet. 
Proposal 5: 
CBR is considered by a TX UE to adjust traffic allocated to the set of carriers associated with the same priority.
Proposal 6:
 If the UE is unable to make a transmission on the selected time-frequency resource (configured Sidelink grant) due to conflicting PC5 transmission on other carriers that exceed UE capability support, then it is up to UE implementation to either do one shot or do reselection.

Proposal 7: 
RAN2 to discuss how to handle this issue of lack of clear frequency information in BSR in case of Mode 3 scheduling for carrier aggregation. 
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