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1	Introduction
The SI on NR V2X includes objectives related to unicast communications over the PC5 interface [1]. Specifically, one of the objectives is to study RAT/interface selection for advanced V2X use cases. 
An important scenario, in which PHY layer unicast communications may be advantageous over PHY layer broadcasting, is when a Tx-Rx pair communicates over the sidelink in the coverage area of a gNB using either licensed or unlicensed spectrum resources. The potential advantages of unicasting may be due to the Tx UE being aware of its intended receiver (Rx UE) and the Rx UE being aware of its intended Tx UE. Indeed, uncasting allows a Tx UE to exploit channel state information at the transmitter (CSIT) and an Rx UE to exploit channel state information at the receiver (CSIR). 
When the Tx and Rx UEs are under the coverage area of the cellular infrastructure, a natural choice for communications is to rely on the availability of Uu interface both between the Tx UE and the gNB and between the gNB and the Rx UE. Considering the possibly different ranges (coverage area) of a cellular base station (gNB) and a typical (pedestrian or vehicular) UE, it is intuitively clear that communication over the sidelink or exploiting the cellular (Uu) links may have advantages and disadvantages. In this contribution we discuss some of these aspects and propose that RAN1 studies mechanisms that enable interface selection between the PC5 and Uu interfaces (that is selecting the communication links over the gNB or the sidelink) specifically for unicast communications.
[bookmark: _Ref178064866]2	Basic Considerations for Link Selection
2.1	General Observations
When the UEs of a Tx-Rx pair are in the proximity of each other, communications over the sidelink (PC5 interface) have several advantages, including the advantage that sidelink communications may work even when, for example, the Tx and/or Rx UE is not under cellular coverage. When the Tx-Rx pair is fully under cellular coverage, unicast communication over PC5 rather than over two Uu interfaces (Tx-gNB and gNB-Rx) has the advantage of using less number of resources that are needed for bidirectional communications and using a single hop rather than 2 hops from the Tx UE to the Rx UE. 
On the other hand, the traditional way of bidirectional communication between the Tx UE and Rx UE is to communicate through the cellular base station or the gNB in New Radio. In fact, when the distance and the corresponding path loss between the Tx and Rx UEs are large, cellular communications may be advantageous, especially when the UEs are closer to their respective serving gNBs than to each other.
[bookmark: _Toc525908398][bookmark: _Toc525910263][bookmark: _Toc525914312][bookmark: _Toc525914419][bookmark: _Toc528954786]When two UEs are separated by a large distance and corresponding large scale fading or shadowing, cellular communications are advantageous compared with communicating over the PC5 interface.
Observation 1 implies that the geometry of the system in terms of distance and large scale fading between the Tx UE, Rx UE and gNB are important factors in determining whether unicasting sidelink communication or communication over Uu is more advantageous. 
From the Tx-Rx pair’s perspective, an important difference between communicating over the PC5 interface (single hop) and communicating through the gNB (if both the Tx and Rx UEs are connected to the same gNB) or the respective serving gNBs (if the Tx and Rx UEs are served by different gNBs) is the transmit and receive power levels. When communicating through the Uu interface, the Tx UE uses cellular uplink control mechanisms to reach its serving BS, which is typically equipped with multiple receive antennas. In contrast, when communicating through PC5, the Tx UE must use sidelink power control mechanisms to reach its Rx peer, which is likely to use much lower number of receive antennas. The achievable range and throughput over the PC5 interface as compared with the same performance indicators for the Uu interface are much dependent on the power control, and -- in the case when the Tx UE is equipped with multiple transmit antennas -- on the precoding scheme used by the Tx UE. For this reason, the sidelink range and throughput that can be achieved depend on using licensed or unlicensed spectrum for the sidelink.
[bookmark: _Toc525908399][bookmark: _Toc525910264][bookmark: _Toc525914313][bookmark: _Toc525914420][bookmark: _Toc528954787]The achievable range and throughput over the sidelink and the Uu interface for a given Tx-Rx pair, are affected by the employed power control and multi-antenna transmission schemes.
For cellular power control, fractional path loss compensation remains a viable approach, which can take into account changes in the geometry due to mobility at a time scale of ~100 ms. It is clear that for vehicular communication scenarios, changes in the system geometry due to mobility of the UEs will have a major impact on the current large-scale fading and shadowing between the Tx and Rx UEs as well as between the Tx and Rx UEs and their respective serving gNBs. Thus, mobility will affect the suitability of sidelink communication and the potential advantages of using the PC5 interface over traditional communication through the gNB. 
[bookmark: _Toc525908400][bookmark: _Toc525910265][bookmark: _Toc525914314][bookmark: _Toc525914421][bookmark: _Toc528954788]The key performance metrics achievable over the PC5 and Uu interfaces for a given Tx-Rx UE pair are affected by UE mobility.
In fact, UE mobility other than the mobility affecting a Tx-Rx pair can have a large impact on the range and throughput of the sidelink (PC5) and cellular uplink and downlink (Uu). A moving truck, for example, may shadow either of the sidelink or the Uu link(s) for a given Tx-Rx pair. This type of changes in the link quality may take place at a fine (ms) or coarser time scale. 
These observations highlight that due to node capability, system geometry, and UE mobility, the decision whether the sidelink or the Uu interfaces are more advantageous for bidirectional communications between a Tx and Rx UE can vary in time.
2.2	Interface Selection Principles
The observations above suggest that in a scenario in which the Tx and Rx UEs and surrounding objects can move, there is a need for a mechanism that makes it possible to continuously evaluate the quality of the sidelink and the respective Uu links and selects whether the sidelink or the Uu link(s) – or potentially both – should be used between the UEs of a Tx-Rx pair. We refer to the decision on using the Uu or the sidelink (PC5 interface) as interface (or link) selection.
To define and evaluate interface selection mechanisms, it is useful to formulate basic requirements on such a mechanism. To this end, we propse the following basic principles.
[bookmark: _Toc525909851][bookmark: _Toc525910266][bookmark: _Toc525914315][bookmark: _Toc525914422][bookmark: _Toc528954789]The interface selection mechanism should consider the QoS framework and associated parameters.
[bookmark: _Ref525908168][bookmark: _Toc525909852][bookmark: _Toc525910267][bookmark: _Toc525914316][bookmark: _Toc525914423][bookmark: _Toc528954790]The PHY layer provides PHY-related measurements for interface selection (e.g., channel measurements, channel busy ratio (CBR), etc.) to the gNB.
Proposal 2 ensures that the interface selection can process important input data that are related to the current geometry and the changes in the system geometry. Although the solutions to meet this requirement is out of the scope of this contribution, we envisage that similar measurement reporting mechanisms as often used in active mode mobility management can be used as part of meeting this requirment.
Additionally, the service availability in a certain carrier should be taken into account. It may happen that the network does not allow SL/Uu communication in a certain carrier for V2X, e.g. because enough SL resources are not available to satisfy a certain QoS traffic requirements, or because Uu admission control policies bars V2X traffic over Uu. 
[bookmark: _Toc525909853][bookmark: _Toc525910268][bookmark: _Toc525914317][bookmark: _Toc525914424][bookmark: _Toc528954791]The interface selection mechanism is considered together with admission control.
3	Measurement and Measurement Reporting to Support Interface Selection Mechanisms
The observations and proposals above imply that the interface selection mechanism requires input from radio layer measurements, radio resource availability for Uu and sidelink communications as well as QoS requirements from higher layers. From a RAN perspective, at least the following measurements and radio resource management aspects should be taken into account when selecting the radio interface (Uu or PC5):
1. Large scale fading between the Tx UE and Rx UE, Tx UE and gNB and gNB and Rx UE. If the Tx and Rx UE are served by different gNBs, the large-scale fading towards the respective serving gNB should be taken into account. 
2. Radio resource availability for sidelink and cellular communications.
3. UE-capabilities related to scheduling and transmit power control over the PC5 and Uu interfaces.
The details of interface selection mechanisms as well as the functional distribution between the physical layer and higher layer aspects of interface selection are proposed for further study.

4 	Conclusion
In this paper we have observed the following:
Observation 1	When two UEs are separated by a large distance and corresponding large scale fading or shadowing, cellular communications are advantageous compared with communicating over the PC5 interface.
Observation 2	The achievable range and throughput over the sidelink and the Uu interface for a given Tx-Rx pair, are affected by the employed power control and multi-antenna transmission schemes.
Observation 3	The key performance metrics achievable over the PC5 and Uu interfaces for a given Tx-Rx UE pair are affected by UE mobility.
Based on these observations, we have proposed the following:
[bookmark: _GoBack]Proposal 1	The interface selection mechanism should consider the QoS framework and associated parameters.
Proposal 2	The PHY layer provides PHY-related measurements for interface selection (e.g., channel measurements, channel busy ratio (CBR), etc.) to the gNB.
Proposal 3	The interface selection mechanism is considered together with admission control.
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