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1. Introduction

In RAN#75, a work item proposal on 3GPP V2X Phase 2[1] was approved and the detailed objectives are as follows:

Objective:

· 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:
· Carrier aggregation (up to 8 PC5 carriers);

· 64QAM;

· Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;

· Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;

· 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. 

· 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. 

· A following decision for normative work is up to consensus at RAN.
In this contribution, we provide our views on the carrier aggregation in PC5 operation.
2. Discussion on carrier aggregation in PC5 operation

2.1. Scenarios
In SA1, some use cases were identified for V2X which require high data rate including safety and driving-related services such as extended sensor. [2] Since it is challenging to satisfy such requirement on the high data rate in the existing communication solutions with limited bandwidth, carrier aggregation (CA) can be a potential solution to enhance throughput performance in PC5 operation by enabling to support a service via multiple PC5 carriers. Also, CA in PC5 operation can be beneficial to congestion control and reliability enhancement as well as latency reduction by supporting heavy data transmission through multiple carriers. With this scenario where a service is supported via multiple carriers, UE capability for RX of all associated carriers should be guaranteed by default.
Observation 1: Discussion on CA in PC5 operation need to be focused on the scenario transmitting multiple different messages for a (single) service through aggregated multiple carriers.
2.2. Potential approaches
For CA in PC5 operation, scope of the work needs to be clarified first rather than discussing and specifying technical solutions. In our view, basically, it would be desirable to minimize impact on specification especially on RAN1 considering schedule of this WI. Especially, technical changes in resource allocation and sensing operation for CA can be considered, but more discussion and verification of the gain from those changes would be required. In this regards, operation of the legacy V2X UE including resource allocation and sensing can be a baseline on per-carrier UE behavior design for CA, while introducing carrier selection as a new feature. For CA in PC5 operation, it should be noted that the same SA format and the same pool with REL-14 UE should be assumed.
Proposal 1: For CA in PC5 operation, it is preferable to clarify scope of the work first rather than discussing and specifying detailed technical solutions. 

Proposal 2: It would be desirable to minimize impact on specification of RAN1, and operation of legacy V2X UE including resource allocation and sensing can be a baseline on per-carrier UE operation design for CA in PC5, while introducing carrier selection as a new feature.
For CA in PC5 operation, the “carrier selection” can be interpreted two-sequential operations; (A) Selection of carrier(s) in which transmission for a certain service is allowed, and (B) Selection of carrier(s) in which the actual transmission takes place.
Regarding (A), the feature has already been supported by application layer operation of Rel-14 LTE-V2X, and it would be desirable to keep this operation for REL-15 as well. In this 1st step of the operation, if a single service is mapped to a single carrier, operation of the 2nd step described in (B) can be omitted. Otherwise, we need to perform additional carrier selection (B) to choose carrier(s) to be used in actual transmission among selected carriers through the carrier selection (A).
With regards to (B), we can discuss some potential technical issues requiring standardized solutions. When V2X messages for a (single) service is transmitted via multiple carriers, the carrier selection could be useful to adjust and control load balancing among carriers. Specifically, in terms of load balancing, we can study the operation of carrier selection on the frequency (e.g., dynamic, or semi-static), and criteria of the selection such as CBR and performance requirements (i.e., latency). Also, congestion control for multi-carrier operation including calculation of CR and CR limit for associated carriers of CA could be studied to enhance the efficiency of resource management.

Regarding the carrier selection, assumption on a single carrier per a single pool need to be considered as a baseline, and the case spanning multiple carriers within a single pool can be deprioritized for the discussion to reduce specification issues. 
Proposal 3: Regarding the carrier selection, assumption on a single carrier per a single pool need to be considered as a baseline, and the case spanning multiple carriers within a single pool can be deprioritized for the discussion to reduce specification issues.
In addition, due to limited spectrum, it seems that cellular V2X would share spectrum with other RAT(s) with high probability if we consider multi-carrier transmission for cellular-V2X, especially for ITS dedicated spectrum. For this reason, the carrier selection shall be an essential technique to support inter-RAT coexistence. For instance, when the other RAT is detected during transmission through a certain carrier, TX carrier to be switched can be (re-)selected based on carrier selection mechanism. In other words, for these cases, carrier selection can be accompanied with detecting of other RAT and vacating of the current RAT.

Observation 2: The carrier selection shall be an essential technique to support inter-RAT coexistence.
On the other hand, UE capability with 2-carriers for both TX and RX has already been supported by Rel-14 LTE-V2X. Considering realistic implementation issues and the detailed objective of this WI, in RAN4 aspects at least, the specification work can be minimized by expanding the work of REL-14 to support up to 8-carriers for RX only. In addition, in terms of TX capability of UE, it is open for the further discussion regarding TDM of services. Specifically, when a UE should transmit V2X messages associated to multiple services even though the UE is not capable to support such large number of services due to lack of UE capability, TDM of services can be regarded as a potential solution.

3. Conclusion

In this contribution, we have discussed carrier aggregation in PC5 operation. Following observations and proposals are given, based on the discussion:
Observation 1: Discussion on CA in PC5 operation need to be focused on the scenario transmitting multiple different messages for a (single) service through aggregated multiple carriers.
Observation 2: The carrier selection shall be an essential technique to support inter-RAT coexistence.
Proposal 1: For CA in PC5 operation, it is preferable to clarify scope of the work first rather than discussing and specifying detailed technical solutions. 

Proposal 2: It would be desirable to minimize impact on specification of RAN1, and operation of legacy V2X UE including resource allocation and sensing can be a baseline on per-carrier UE operation design for CA in PC5, while introducing carrier selection as a new feature.
Proposal 3: Regarding the carrier selection, assumption on a single carrier per a single pool need to be considered as a baseline, and the case spanning multiple carriers within a single pool can be deprioritized for the discussion to reduce specification issues.
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