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1. Introduction

A new work item for 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886 was approved in RAN plenary #75. The following topics are part of the detailed objectives of this work item [1]:

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;
In RAN1#89 meeting, the following agreements were achieved for eV2X carrier aggregation [2]. 
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 this contribution, we discuss how to support mode 3 in carrier aggregation. Mode 4 support in eV2X carrier aggregation is discussed in companion contribution [3].
2. Design Aspects of Mode 3 in Sidelink Carrier Aggregation
In mode 3, the transmission resource of UE on sidelink carrier is allocated by eNB. When the UE accesses to the network, it will report the interest frequency list to eNB. If there is data to be transmitted, UE sends SR and BSR to eNB , eNB determines which carrier(s) to be used by the UE.
Proposal 1: For CA-based mode 3 V2X, eNB determines which PC5 carrier to be used by UE.

2.1. DCI design for carrier aggregation
DCI format 5A is used in Rel-14 for PSCCH and its corresponding PSSCH scheduling. There is a carrier indicator field (3 bits) in DCI format 5A which is used to indicate the carrier used for transmission. According to the WID, up to 8 PC5 carriers need to be supported in eV2X. Therefore, DCI format 5A can support multi-carrier scheduling without extra standard work needed.

Whether to support cross carrier scheduling among PC5 carriers is under discussion. It was agreed in RAN1 #89 meeting that PSSCH and its associated PSCCH are transmitted in the same carrier. But it does not preclude the PSCCH to contain information about other carriers, as long as within the scope of the WID. If cross carrier scheduling (among PC5 carriers) is supported, then one DCI should be able to indicate the resource used by PSCCH and its corresponding PSSCH scheduling on at least two carriers. In this case, a new DCI need to be standardized. 
Observation 1: If cross carrier scheduling is not supported, existing DCI format 5A can support multi-carrier scheduling without extra standard work. Otherwise, new DCI needs to be standardized.
2.2. Scheduling

In mode 3, eNB allocates transmission resource for each UE. If carrier aggregation is supported, eNB will determine which carrier(s) to be used by the UE. The following aspects need to be considered by eNB when allocating resource to UE.
· Mapping between service types and carriers:

According to the WID, up to 8 PC5 carriers are supported. While in Rel-14 V2X, only one carrier was assumed and safety related message transmitted on that, such as CAM and DENM. To be backward compatible with Rel-14 V2X, it is natural that basic safety message are mapped onto the carrier which is used by Rel-14 UE so that Rel-14 UE can decode it. Other kinds of messages, such as platooning, sensor data, are mapped to other carriers.
Observation 2: Considering backward compatible with Rel-14 V2X, different kinds of service can be mapped onto different carriers.
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Figure 1 Mapping between service type and carrier
· Mapping between priority and carriers

In Rel-14, up to 8 levels of PPPP are defined. The service with different PPPP level can be mapped to different carriers. For example, PPPP level 0, such as basic safety message, is mapped to carrier 1; PPPP level 1, such as platooning, is mapped to carrier 2; PPPP level 2, such as entertainment related message, is mapped to carrier 3. eNB should schedule UE to the carriers based on the corresponding priority. The service with higher priority can be scheduled onto the carriers whose corresponding priority is lower than the service. The service with higher priority could have more transmission resource. 
Observation 3: Different carrier may correspond to different PPPP.  Resource allocation of mode 3 in CA can be based on service’s priority.
· Load balancing

UE do measure CBR per carrier which reflects the congestion level of each carrier and report it to eNB. If there is no overlapping of the resource pools between mode 3 and mode 4, eNB allocates resource for mode 3 UE within mode 3’s resource pool, there is no transmission collision between mode 3 and mode 4 UE. In this case, eNB can schedule UE onto any carrier as long as there is vacant resource in mode 3’s resource pool of that carrier. While considering the possibility of resource pool sharing between mode 3 and mode 4 (which is a topic being studied in eV2X), it is better that eNB schedules UE onto the carrier which is less congested so as to avoid transmission collision as much as possible.
Observation 4: If resource pool sharing between mode 3 and mode 4 is considered, load balancing needs to be considered when eNB do scheduling in mode 3. 

· Half-duplex limitation and power sharing
For intra-band carrier aggregation, a UE cannot receive data in one carrier when it is transmitting data in another carrier because of half-duplex limitation. If a UE is scheduled to transmit data in different TTI on different carriers, it cannot do sensing in all the scheduled subframes of all carriers which will limit its sensing and resource selection. 
Observation 5: If a UE is scheduled to transmit data in different TTI on different carriers, it will limit its sensing and resource selection because of half-duplex limitation.
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Figure 2 The effect of half duplex limitation on sensing
If a UE is scheduled to transmit data in the same TTI on different carriers, it can increase the available resource because more sensing opportunities. While UE needs to share transmission power among these carriers which will affect the transmission range. 
Observation 6: If a UE is scheduled to transmit data in the same TTI on different carriers, power sharing among PC5 carriers is needed which will affect the transmission range.
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Figure 3 Power sharing between PC5 carriers

Proposal 2: The following aspects need to be considered when eNB do scheduling in mode 3 of carrier aggregation:
· The mapping between service type and carrier

· The mapping between priority and carrier

· Load balancing

· Half duplexing limitation

· Power sharing among carriers

3. Conclusions
In this contribution, some design aspects of mode 3 in carrier aggregation are discussed. The following observations and proposals are given:

Proposal 1: For CA-based mode 3 V2X, eNB determines which PC5 carrier to be used by UE.

Observation 1: If cross carrier scheduling is not supported, existing DCI format 5A can support multi-carrier scheduling without extra standard work. Otherwise, new DCI needs to be standardized.

Observation 2: Considering backward compatible with Rel-14 V2X, different kinds of service can be mapped onto different carriers.
Observation 3: Different carrier may correspond to different PPPP.  Resource allocation of mode 3 in CA can be based on service’s priority.
Observation 4: If resource pool sharing between mode 3 and mode 4 is considered, load balancing needs to be considered when eNB do scheduling in mode 3. 

Observation 5: If a UE is scheduled to transmit data in different TTI on different carriers, it will limit its sensing and resource selection because of half-duplex limitation.

Observation 6: If a UE is scheduled to transmit data in the same TTI on different carriers, power sharing among PC5 carriers is needed which will affect the transmission range.
Proposal 2: The following aspects need to be considered when eNB do scheduling in mode 3 of carrier aggregation:

· The mapping between service type and carrier

· The mapping between priority and carrier

· Load balancing

· Half duplexing limitation

· Power sharing among carriers
4. References
[1] RP-171069, “Revision of WI: V2X phase 2 based on LTE”, Huawei, CATT, LG Electronics, HiSilicon, China Unicom. 3GPP RAN#76, June 2017
[2] Chairman's Notes, 3GPP RAN1 #89, May 2017 
[3] R1-1713251, “Mode 4 support in eV2X carrier aggregation”, OPPO, Aug. 2017
_1563036888.vsd
Carrier 1


Carrier 2


Not sensing



_1563085628.vsd
Carrier 1


Carrier 2


Basic safety message


Platooning, Sensor data


Rel-14 UE


Rel-15 UE



_1563036854.vsd
Carrier 1


Carrier 2


P/2



