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1 Introduction
In RAN plenary #80 meeting, a new study item on NR V2X was approved [1] and one of the objectives is listed as follows:
	4: RAT/Interface selection for operation [RAN2, RAN3]:
In coordination with SA2, study if additional mechanisms are required for decision on whether LTE PC5, NR PC5, LTE Uu or NR Uu shall be used for operation.


In this contribution, we justify the necessity to support RAN based RAT/interface selection, i.e., RAN should be able to perform the RAT/interface selection, and provide some initial analyses on this topic from RAN2 perspective.
2 Discussion
In RAN2 #94 meeting, PC5 and Uu path switch/selection was discussed for LTE V2X based on the E-mail discussion in [2]. During the E-mail discussion, a overwhelming majority of companies supported to have the eNB controlled path selection for V2V service transport, and more specifically preferred the selection in a way of per V2X service (i.e. 10 out of totally 15). 
However, during the online discussion, due to mainly the limited time in V2V WI and the heavy work load,  some companies argued to live with something simple, and then the following agreement was finally achieved regardless of the majority's preference in RAN2 #94 meeting:
-
If both Uu and PC5 are configured for V2V transmissions, it is left up to UE upper layers which path is selected.   FFS whether any additional AS information is provide to upper layers

With the same reason of limited TU and work load, some further agreements were achieved to finally leave path selection to UE upper layers without AS configurations in RAN2 #95:

	Agreements:

Path switch

· AS informs upper layer of the path configuration.  From RAN2 point of view, path switching is done by UE upper layer and there is no need to specify AS layer information to upper layer for the sake of path switching.  


Observation 1: In Rel-14 LTE V2X, the Uu and PC5 selection is up to UE upper layers without additional AS information provided.

In Rel-15 LTE eV2X WI, V2X communication over PC5 may not be backward-compatible with Rel-14 in some cases, due to some Rel-15 transmission mechanisms introduced (e.g., 64QAM, rate matching, etc.). Therefore, when Rel-14 UEs and Rel-15 UEs co-exist in the system, V2X transmissions from Rel-15 UEs using Rel-15 transmission formats cannot be decoded by Rel-14 V2X UEs and would cause packet loss. RAN2 recognized that some V2X services need to be received and decoded by all surrounding UEs, including Rel-14 UEs. To resolve the issue of such non-compatible transmission formats, SA2 introduced the Tx profile which is a static/semi-static configuration as the input from upper layers (i.e. in RRC pre-configuration) to assist the AS layer to determine relevant transmission mechanism (Rel-14 or Rel-15).
In RAN2 #102 meeting, the detailed contents of Tx profile were discussed and finally decided by RAN2, i.e. Tx profile 1 as the Rel-14 compatible format and Tx profile 2 as the Rel-15 transmission format [3]. There were also some companies who thought about a third configuration, i.e. Rel-14 or Rel-15 format, which may benefit the transmission format selection of the UE with more flexibility. But with some concerns and limited time for discussion, it was not finally in.

Anyway, according to the agreed Tx profile configuration, it means in Rel-15 LTE eV2X the Rel-14 and Rel-15 selection is performed by the UE's AS layer based on the configuration from V2X Control Function for the purpose of retaining backward compatibility for the delivery of some specific services (e.g. safety related).
Observation 2: Tx profile enables the UE's AS layer to perform Rel-14 and Rel-15 selection based on the configuration from V2X Control Function for backward compatibility purpose.
With the lessons in history kept in mind, now let us turn to the need for RAN-based RAT/interface selection in NR V2X. In SA1, different requirements are defined for different V2X services/scenarios [4]. For example, to support Advance Driving, the reliability requirement can be up to 99.999% and the max end-to-end latency requires 3ms for the emergency trajectory alignment between UEs supporting V2X application. Similarly, the Remote Driving service also requires 99.999% reliability and also 5 ms end-to-end latency. To support Extended Sensors service, the data rate can be up to 1000 Mbps and it also requires 99.99% reliability.
Such high reliability, low latency and high data rate requirements may need to be guaranteed by consuming quite a lot of Uu/sidelink radio resources. It can be envisioned that such advance V2X service can lead to overload easily in Uu or sidelink. So the network should have a way to well balance the traffic load across Uu and sidelink, in order to obtain acceptable performance. 
Observation 3: To support the advanced V2X services in NR, the high reliability, low latency and high data rate requirements are likely to lead to overload in Uu or sidelink (e.g. in places with high user density). Hence, the network should have a way to well balance the traffic load across Uu and sidelink, in order to achieve acceptable performance for the communication of these advanced V2X services.
After NR sidelink is introduced, 5G communication systems then can support different RATs/interfaces (e.g., NR Uu, NR Sidelink, LTE sidelink
, etc.) for transmission/reception, providing different transmission capabilities and having their own benefits. For instance, NR Uu has larger coverage, while NR sidelink increases the system capacity through the spatial frequency reuse.

In addition, the appropriate RAT/interface for NR V2X scenarios, especially with demanding QoS, cannot always be predicted, since it is affected by various factors. Vehicle mobility, radio conditions and the environment where the V2X communication is carried out are dynamically changed, and these factors can affect the decision about the most appropriate RAT/interface that may need to be selected within a specific area. The movement of the vehicle from Line-of-sight (LOS) to non-LOS conditions (e.g., at an intersection), the poor radio conditions/congestion in rush hours, as well as the increment of vehicles’ density in specific locations are some examples of the above mentioned dynamicity of radio environment change and may make sidelink or Uu not efficient enough or overloaded.

According to TS 22.186, there is no predefined relationship between the V2X services/use cases and the communication RAT/interface (e.g., NR Uu, NR Sidelink interface) that could be used to serve them. By contrast, SA1 has already specified the RAT/interface selection as one of the mandatory requirements for NR V2X, as follows [4, R.5.1-015]:
	“The 3GPP system shall be able to support the operators to select which 3GPP RAT to use for a V2X application.” 


Therefore, different RAT/interfaces could be used to support V2X services/use cases with demanding QoS requirements, according to vehicles mobility, radio and road environment conditions. 

However, the application layer does not have enough RAN related information to make the appropriate decision, resulting in e.g., sub-optimal selection or even slow decision for selecting the appropriate RAT/interface. This may not be beneficial for safety or ultra-reliable V2X scenarios. Similar limitation also applies to the upper layer configurations, e.g.V2X control function. From V2X CF perspective, it can only generate static/semi-static configuration, i.e., Tx profile, but has no knowledge about the actual situation about the radio resources configured by RAN.
Therefore, in order to obtain the RAT/interface selection for sufficient performance support for NR V2X, the knowledge about the actual link quality and radio resource conditions, together with the knowledge about the QoS requirements of the NR V2X service, is required. Only RAN is able to be fully aware of both types of knowledge in a timely way, and thus should play the most appropriate role to perform the RAT/interface selection. By contrast, the CN may not be able to have sufficient knowledge on the actual radio resource usage. 
Observation 4: Only RAN is able to be fully aware of both QoS requirements and the actual radio resource usage in the network timely; on the contrary, the CN may not have sufficient knowledge on radio resource usage.
Therefore, we propose RAN2 to confirm the need to study RAT/interface selection in RAN for NR V2X. 
Proposal 1: RAN2 is proposed to confirm the need of RAN based RAT/interface selection. 
As some initial thoughts, we would like to discuss the granularity of the RAN based RAT/interface selection. Similar discussion was performed in Rel-14 Uu/PC5 selection and there were typically two options: per UE or per service. A V2X UE may be configured to perform different types of V2X services, and different V2X services may have different QoS requirements. As we mentioned above, different RAT/interface policies may well provide supports for different QoS requirements; therefore, the RAT/interface selection at a UE level may not be flexible enough and thus limit the benefit for the selection. 

By contrast, different services, or even for the different scenarios of the same V2X service, can have their own QoS requirements, according to TS 22.186. To this end, we think that to study RAT/interface selection based on QoS level (e.g. per QoS flow) or service level (e.g. per service type) may be an appropriate choice from RAN2 perspective.

Proposal 2: RAN2 to study the Interface/RAT selection mechanism based on QoS level or service level.
3 Conclusion
This contribution reviewed the existing RAT/interface selection mechanism and discussed the requirement to perform RAN based RAT/interface selection. The observation and proposal are as follows:

Observation 1: In Rel-14 LTE V2X, the Uu and PC5 selection is up to UE upper layers without additional AS information provided.

Observation 2: Tx profile enables the UE's AS layer to perform Rel-14 and Rel-15 selection based on the configuration from V2X Control Function for backward compatibility purpose.

Observation 3: To support the advanced V2X services in NR, the high reliability, low latency and high data rate requirements are likely to lead to overload in Uu or sidelink (e.g. in places with high user density). Hence, the network should have a way to well balance the traffic load across Uu and sidelink, in order to achieve acceptable performance for the communication of these advanced V2X services.
Observation 4: Only RAN is able to be fully aware of both QoS requirements and the actual radio resource usage in the network timely; on the contrary, the CN may not have sufficient knowledge on radio resource usage.
Proposal 1: RAN2 is proposed to confirm the need of RAN based RAT/interface selection. 
Proposal 2: RAN2 to study the Interface/RAT selection mechanism based on  QoS level or service level.
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� This is according to Objective 3 in SID [1] "Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network "






 4/4

