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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, RAN1 has made the following agreements regarding to PC5 CA:

	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 


From the above agreements, it can be observed that for PC5 CA, V2X services need to be mapped to different carriers for transmission.  In this contribution, we discuss this issue and share our views and proposals.
2 Discussions
2.1 Previous Work in Rel-14 V2X
During Rel-14 V2X discussion, multi-carrier transmission is supported and in stage-2 specifications mapping between V2X service types and V2X frequencies has been capture in TS 36.300,
If the UE supports multiple transmission chains, it may simultaneously transmit on multiple carriers via PC5. For the case where multiple frequencies for V2X are supported, a mapping between service types and V2X frequencies is configured by upper layers. The UE should ensure a service to be transmitted on the corresponding frequency.

In our understanding, this kind of mapping between service types and frequencies could be one-to-one mapping as specification says “The UE should ensure a service to be transmitted on the corresponding frequency.”.  One example is that safety-related service type can be mapped with one frequency and non-safety related service types can be mapped with another frequency.
Observation 1: Rel-14 V2X stage-2 specification supports service type and (carrier) frequency mapping and one-to-one mapping can be supported. 
For 3GPP V2X Phase 2 some advanced V2X services have been identified such as platooning and these services are not explicitly categorized as safety or non-safety related services as in Rel-14 V2X.  This means it is not straight forward to use safety or non-safety as the criteria to map with carrier frequency.
Observation 2: Advanced V2X services for V2X Phase 2 are not explicitly categorized as safety or non-safety related services like Rel-14 V2X.
Observation 3: It is not straight forward to use safety or non-safety as the criteria to map with carrier frequency.

2.2 Implications for Mapping of Three Use Cases
For V2X Phase 2, regarding to the three Use Cases, we think some implications on service type to carrier mapping.  As there can be up to 8 PC5 carriers to be supported and also due to the new advanced V2X services, the mapping between service and carrier is more complicated than Rel-14.
For Use Case 1 i.e. parallel transmission of MAC PDU in different carriers with different payload, we think this actually require one-to-many mapping for a V2X service.  This is different from Rel-14 V2X service to frequency mapping.  This use case can enable one V2X service to be served by different carriers in order to achieve higher data rate.
For Use Case 2 i.e. parallel transmission of MAC PDU in different carriers with same payload, this also means one-to-many mapping for a V2X service and also different from Rel-14 V2X service to frequency mapping.  The difference from Use Case 1 is that the MAC PDUs in different carrier can be the same.  This use case can support high reliability because the V2X service can be received from different carriers for redundancy.

For Use Case 3, the implication for service to carrier mapping is not one-to-one or one-to-many.  However, this use cases implicates that that for receiving and transmitting, service to carrier mapping may not be the same.   The following table summarize the above analysis.
	Use Case
	Key Feature
	Implications for service and carrier mapping

	1
	Parallel transmission of MAC PDU in different carriers with different payload
	One service is mapped to multiple frequencies to achieve higher data rate

	2
	Parallel transmission of MAC PDU in different carriers with same payload
	One service is mapped into multiple (mostly likely two) frequencies to achieve higher reliability

	3
	Receiving from multiple carriers and transmit in some of the carriers
	Different carrier configuration for receiver and transmitter


We think that RAN2 should clarify how mapping between service and carrier considering different use cases therefore we propose
Proposal 1: RAN2 to discuss the service to carrier mapping and take the above analysis into consideration.
On the other hand, backward compatibility with Rel-14 V2X may be considered when conducting service and carrier mapping.  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.
Proposal 2: RAN2 to agree that backward compatibility with Rel-14 V2X should be taken into consideration.
As analysed above, in general, we think mapping relationship can be one-to-one or one-to-many for V2X service to carrier mapping.  Please be noted that here we are discussing mapping to a carrier for one V2X service.  This doesn’t exclude the case that more than one V2X services can be mapped into one carrier.  One example for V2X service to carrier mapping is provided as follows:
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Example for V2X service to carrier mapping

Observation 4: For one V2X service, the mapping to carriers can be one-to-one or one-to-many.
2.3 Potential Solutions to Support Service to Carrier Mapping
Regarding to how V2X service to carrier mapping can be supported, for which the key problem is how for application layer to indicate AS layer w.r.t. the different “service type”. Afterwards, the input of “service types” can be used by AS layer to point to, there can be two potential options as follows.  
· One option is to reuse PPPP, which is to be included in the primitive from application layer messages.  In Rel-14, 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. In general, 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.  
· Or additional “service type” indication from upper layer is needed. PPPP only reflect priority info and using such priority for service to carrier mapping may not very flexible especially when several services have the same PPPP value. Thus, we think RAN2 need to discuss if PPPP is sufficient for service to carrier mapping or not. If not sufficient, RAN2 should request SA2 to develop other solution to support service to carrier mapping in RAN. For example, if the upper layer can provide more information about the V2X service type with high granularity than PPPP, and if the information can be readable by AS layer, then the AS layer can support mapping from a V2X service to carrier more easily. However, this should be discussed in SA group first.
Proposal 3: RAN2 to discuss is PPPP is sufficient for service to carrier mapping.  If not, RAN2 should ask for help from SA2 to consider other potential solution(s).
3 Conclusion

In this contribution, we discuss how V2X service to carrier mapping and we have the following observations and proposals:
Observation 1: Rel-14 V2X stage-2 specification supports service type and (carrier) frequency mapping and one-to-one mapping can be supported. 
Observation 2: Advanced V2X services for V2X Phase 2 are not explicitly categorized as safety or non-safety related services like Rel-14 V2X.
Observation 3: It is not straight forward to use safety or non-safety as the criteria to map with carrier frequency.
Observation 4: For one V2X service, the mapping to carriers can be one-to-one or one-to-many.
Proposal 1: RAN2 to discuss the service to carrier mapping and take the above analysis into consideration.
Proposal 2: RAN2 to agree that backward compatibility with Rel-14 V2X should be taken into consideration.
Proposal 3: RAN2 to discuss is PPPP is sufficient for service to carrier mapping.  If not, RAN2 should ask for help from SA2 to consider other potential solution(s).
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