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1
Introduction
In this contribution we discuss the need for and use cases for RSUs (Road Side Units). The contribution is organized as follows:

· Section 2 discusses the need for and use cases for RSUs
· Section 3 concludes the contribution
2
RSU
RAN is considering usage of RSUs for enhancing V2X services. However both the definition of RSU and use case for RSU is still unclear. We note that RAN2 has not defined no scenario for eNodeB type RSU, whereas Scenario 3 (shown in Figure 1) is defined for UE type RSU. Therefore we focus on UE type RSU.
Observation 1: No scenario has been defined for eNodeB type RSU.
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Figure 1a: Scenario 3a                                               Figure 1b: Scenario 3b
For Scenario 3 the value UE type RSUs is not clear. Consider the Scenario 3a. The purpose of the RSU is to aggregate messages on sidelink, forward them on uplink and the eNodeB will send them on downlink to cars. In this scenario if cars have access to downlink then it is expected that they will have uplink capability also. Given that cars have access to both uplink and downlink then concurrent operation of Scenario 1 and Scenario 2 seems more useful (Figure 2), i.e., transmit on uplink & receive on downlink and/or transmit & receive on sidelink. Similar comment can be made about Scenario 3b. In fact RAN2 analysis (discussed in our companion contribution [1]) shows that Scenario 3 has worse latency than Scenario 1 and Scenario 2.  

Observation 2: The functionality of Scenario 3 can be achieved by concurrent operation of Scenario 1 & Scenario 2. Such concurrent operation will achieve lower latency than Scenario 3.
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Figure 2: Concurrent Scenario 1 & Scenario 2 operation
For Scenario 3a, one advantage a RSU can offer is aggregation of packets received on sidelink. This aggregation of packets can potentially reduce the load on uplink. However, there are several points to note. One, in our companion contribution [1] it is shown uplink is not capacity limited. Second, since lower layers are not aware of which packet is for what application, such aggregation will need to happen at application layer. Therefore no optimization is needed at RAN level. Finally the security and privacy implication of aggregation needs to be understood. For Scenario 3b no such aggregation advantage is offered.
Observation 3: RSU in Scenario 3a can aggregate packets and reduce load on uplink. However the need for such optimization is low and needs no RAN level optimization.
One use case of UE type RSU that has been discussed is for UE to UE relaying. However there are several challenges here. If RSU is relaying on the same frequency as sidelink then the half duplex issue becomes a bottleneck. A RSU will won’t be able to receive (and therefore not able to forward) 50% of the packets. This is clearly unacceptable for safety applications.

Observation 4: Using UE type RSU for UE to UE relaying on the same frequency as sidelink is not suitable for safety applications. This is because a RSU can forward at most 50% of the packets. 
If the relaying occurs on another frequency than sidelink, i.e., a UE type RSU receives on sidelink but transmits on another frequency then it will be both expensive and inefficient. It is expensive since UEs will need to have ability to receive on both sidelink and the frequency on which UE type RSU is transmitting. Furthermore since only RSUs will be allowed to transmit on frequency over which relaying is occurring then that channel will be under-utilized.

Observation 5: Using UE type RSU for UE to UE relaying on the different frequency as sidelink is both expensive and inefficient.  
Based on this we conclude that there is no need for RSU optimizations in RAN. 

Proposal 1: There is no RSU optimization needed at RAN level.

We note that this proposal is supported by the recently agreed definition of RSUs [2] where RSU is an application layer entity combined with either an eNodeB or a UE. 

Road Side Unit: A stationary infrastructure entity supporting V2X applications that can exchange messages with other entities supporting V2X applications. 

Note: RSU is a term frequently used in existing ITS specifications, and the reason for introducing the term in the 3GPP specifications is to make the documents easier to read for the ITS industry. RSU is a logical entity that combines V2X application logic with the functionality of an eNB (referred to as eNB-type RSU) or UE (referred to as UE-type RSU).
3
Conclusion

In this contribution we made the following proposals and observations on RSU use case and definition.
Observation 1: No scenario has been defined for eNodeB type RSU.
 Observation 2: The functionality of Scenario 3 can be achieved by concurrent operation of Scenario 1 & Scenario 2. Such concurrent operation will achieve lower latency than Scenario 3.
Observation 3: RSU in Scenario 3a can aggregate packets and reduce load on uplink. However the need for such optimization is low and needs no RAN level optimization.
Observation 4: Using UE type RSU for UE to UE relaying on the same frequency as sidelink is not suitable for safety applications. This is because a RSU can forward at most 50% of the packets. 
Observation 5: Using UE type RSU for UE to UE relaying on the different frequency as sidelink is both expensive and inefficient.
Proposal 1: There is no RSU optimization needed at RAN level.
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