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1	Introduction
The study item (SI) on NR V2X [1] includes objectives related to supporting unicast, groupcast and broadcast over the sidelink and associated physical layer procedures, resource allocation and configuration mechanisms, and QoS management. The SI description [1] also indicates that advanced V2X services provided by the NR sidelink that coexist with V2X services facilitated by the LTE sidelink are also in the scope. Since some of these study item objectives are different from the objectives of the LTE sidelink design, it is useful to discuss and agree on basic design considerations and principles for the NR sidelink. Therefore, in this document, we discuss some basic considerations and propose radio interface design principles for the NR sidelink.
[bookmark: _Ref178064866]2	Basic Considerations for NR Sidelink Design
2.1	Forward compatibility for advanced V2X services
The importance of forward compatibility for the NR radio and protocol design was recognized from the beginning of the NR standardization work. Similarly to the NR Uu interface, forward compatibility is important for the NR sidelink, as it will be key for phasing-in necessary new features in subsequent releases of V2X specifications. Indeed, we expect that the requirements imposed by and the technical solutions developed for vehicles platooning, extended sensors, advanced driving and remote driving will evolve in future releases, making forward compatibility a necessary design consideration for the NR sidelink. In LTE, decisions made in Release 14 significantly restricted the evolution possibilities during Release 15, especially regarding multi-antenna support. 
[bookmark: _Toc521685483]Evolving V2X use cases and corresponding features necessitate the forward compatibility of NR sidelink design.
2.2	Reusing NR Uu radio design principles
Flexibility and scalability are important objectives for the NR Uu physical layer design, including the design of the modulation schemes, waveform, frame structure, reference signals, multi-antenna transmission and channel coding. The high level of flexibility and scalability in NR Uu are key to meet the requirements of diverse use cases.
Similarly, considering the diverse V2X use cases and frequency bands available for V2X services, the NR sidelink design can advantageously build on the NR Uu physical layer design principles and reuse the NR Uu physical layer design considerations, including flexible (band or use case specific) numerology, frame structure and reference signals. The details of our proposed NR sidelink physical layer are given in our contribution [2]. The NR sidelink physical layer should have a flexible and scalable design to support diverse use cases with extreme requirements, as well as a wide range of frequencies and deployment options. 
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2.3	Reuse lessons learnt from the LTE sidelink design
The LTE sidelink is designed to meet the requirements of the European Telecommunications Standards Institute (ETSI) for delivering safety messages such as cooperative awareness messages (CAM) and decentralized environmental notification messages (DENM). In Rel-15, a key requirement on the enhanced technology enablers was to preserve backward compatibility with Rel-14 V2X for the delivery of CAM/DENM safety messages. For the delivery of the basic safety messages using physical layer broadcast mechanisms, especially at the lower frequency bands, the LTE design considerations concerning resource pool management, transmit parameter configurations and other aspects should be reused as much as possible for the NR sidelink design and changes in NR sidelink are made if justified and motivated by the need of it.
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2.4	Minimizing always-on transmissions and using the principles of NR ultra-lean design
NR has an ultra-lean design that minimizes always-on transmissions to enhance spectral and energy efficiency, and to ensure forward compatibility. This is to some extent different from the setup in LTE, since in NR the reference signals (including DMRS, PTRS, CSI-RS) are transmitted only when necessary. This design objective should be adopted by the NR sidelink as well, since spectral efficiency, energy efficiency as well as minimizing interference are important in several advanced V2X use cases as well.
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3	Design Principles for NR Sidelink
The LTE and NR Uu interfaces are designed on the basic premise of the eNB/gNB owning the resources licensed to cellular services. According to SI description [1], the NR sidelink may operate in licensed spectrum, for which the following design principle needs to be agreed. When the sidelink uses licensed spectrum resources, the RAN – as the owner of all radio resources – exercises full control over the allocation and use of those resources. However, the RAN may decide to give permission to use some of the radio resources for sidelink communication conditioned on using RAN-defined transmission parameters on the sidelink. For example, the RAN may allow a subset of UEs or a specific UE pair to use certain physical resource blocks during some time period with a maximum transmit power. 
[bookmark: _Toc521685526]When the NR sidelink uses licensed spectrum resources, the RAN decides on the conditions under which such resources may be used. Such conditions can include transmission parameters, resource pool and time period during which the resources may be used for sidelink communication.
For the LTE and NR Uu interface, resource ownership defines a framework for uplink and downlink scheduling. This framework needs to be extended for the NR sidelink, that can operate in both licensed and unlicensed spectrum resources. Specifically, similarly to the LTE sidelink design, it remains important that a UE cannot control another UE. 
[bookmark: _Toc521685527]Adopt a design principle according to which a UE cannot control another UE in the same way as a gNB controls a UE. However, a UE can expect certain behaviour (and indicate such expectation) over the sidelink from the peer UE, especially in case of unicast transmissions.
This proposed design principle implies that establishing hierarchies between UEs is not supported. Instead, the NR RAN preserves exclusive right to control UEs in terms of using radio resources and transmitting messages and signals over the sidelink. However, a UE can expect a certain behaviour of peer UE. An application of which can be, for example, a HARQ loop over the NR sidelink for unicast transmissions, for which a UE can expect (and indicate this expectation to) a peer UE to send HARQ messages (ACK/NACK) in a certain symbol/slot.
Since the SI includes mechanisms for both unicast and broadcast physical layer transmissions, it is important to handle the coexistence of such transmissions. Therefore, we propose to design the radio resource management procedures such that it allow such coexistence of different communication types. 
[bookmark: _Toc521685528]Coexistence of unicast, groupcast and broadcast transmissions are considered.
Note that the design principle according to Proposal 3 does not enforce that unicast, groupcast and broadcast transmissions use the same radio resources. In fact, combining the design principles of Proposals 1 and 3 imply that the RAN decides which resources or resource pools may be used by any form of sidelink transmissions. 
4	Implications of the Basic Considerations and Design Principles
The design principles proposed in Section 3 are generic in the sense that they can and should be applied to all radio layers procedures of the NR sidelink. To further clarify these proposals, some examples of the implications of these design principles are given below. 
According to principle 1 as proposed above, the transmission (TX) parameters over the NR sidelink such as modulation and coding schemes, TX power, precoder matrix for multiple antenna transmissions, etc, can be selected either by the network or by the UE or both. In this regard, this design principle facilitates the following options of network control:
· All TX parameters are selected by the network either as a fixed value or a range of values. This is the default behaviour for UEs within network coverage.
· Some TX parameters are selected by the network and some TX parameters are selected by the UE from a set that is configured and approved by the RAN. This option can be useful for some use cases (e.g., unicast case) and in the case when a UE operates in network coverage. 
· All TX parameters, out of a TX parameter set configured by the network, are selected by the transmitting UEs. Restrictions from pre-configuration or from the specification (e.g., speed-dependent transmission formats) may apply. This is the default behaviour for UEs outside network coverage.
According to principle 2 in Section 3, a UE cannot allocate resources or configure TX parameters for another UE. The implication of which is that a UE with no network control will always behave autonomously and certain rules need to be specified to achieve the overall system efficiency. Furthermore, coexisting unicast, groupcast and broadcast transmissions (principle 3 in Section 3) mandate the need of radio procedures and signalling to limit the interference between transmissions from different UEs. 
The details on the implications and their respective design when it comes to resource allocation and TX parameter selection are given in our contribution [3].
5	Conclusions
In this contribution, we made the following observations for NR sidelink design consideration:
Observation 1	Evolving V2X use cases and corresponding features necessitate the forward compatibility of NR sidelink design.
Observation 2	Flexible and scalable NR sidelink radio design is a key to enable diverse V2X use cases.
Observation 3	Lessons learnt during LTE Rel-14/15 are important to justify NR sidelink design.
Observation 4	NR ultra-lean design principle is also important for sidelink.
Also, we propose to adopt the following design principles for NR sidelink:
Proposal 1	When the NR sidelink uses licensed spectrum resources, the RAN decides on the conditions under which such resources may be used. Such conditions can include transmission parameters, resource pool and time period during which the resources may be used for sidelink communication.
Proposal 2	Adopt a design principle according to which a UE cannot control another UE in the same way as a gNB controls a UE. However, a UE can expect certain behaviour (and indicate such expectation) over the sidelink from the peer UE, especially in case of unicast transmissions.
Proposal 3	Coexistence of unicast, groupcast and broadcast transmissions are considered.
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