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[bookmark: _Ref298777854]Introduction
In [1], we highlighted that unlicensed spectrum cannot substitute licensed spectrum for all use cases, services and deployments but that it is a viable alternative for certain applications and even enables new use cases. Therefore, we believe that support of unlicensed spectrum, both stand-alone as well as in combination with licensed spectrum, is an essential requirement for the next generation radio access technology. 
Operating in unlicensed or shared-licensed spectrum is typically subject to specific regulatory requirements. Those requirements typically put limits on the total transmit power, power spectral density (PSD) and carrier bandwidth that each device may use. In addition, coexistence protocols such as Listen-Before-Talk (LBT) have been derived in order to further favour fair use of unlicensed spectrum. As outlined in [1], it is therefore desirable to consider the use of licensed, unlicensed and shared-licensed spectrum throughout the design phase of the new radio interface. 
In this paper we list several key characteristics of the New Radio interface that may require special attention when applied outside in unlicensed spectrum. 
Discussion
Compared to Wi-Fi, the symbol duration of LTE is long and the L2 protocols operate with a granularity of an entire subframe (14 OFDM symbols). This difference in timing granularity makes LTE less agile in accessing unlicensed spectrum than Wi-Fi. 
In order to handle the wide range of carrier frequencies and services considered for the New Radio interface, a scalable numerology is crucial. For instance, a small granularity in the time domain (i.e. short sub-frame duration), would not only benefit services with strict latency requirements but also reduce the protocol latency and hence improve flexibility in the use of unlicensed spectrum.
Furthermore, both the 5 GHz band, as well as the 60 GHz band, offers a lot of spectrum. To utilize this spectrum efficiently (e.g. in terms of hardware complexity), the use of carriers wider than LTE’s maximum of 20 MHz is attractive. Wider bandwidth carriers may benefit from a sub-carrier spacing that is also wider. Hence, a numerology with shorter OFDM symbols (and hence wider sub-carrier spacing) is preferable both in terms of (protocol) latency and carrier bandwidth.
[bookmark: _Toc446082888][bookmark: _Toc447033255][bookmark: _Toc447289852]For operation in unlicensed bands (5 GHz and beyond), a numerology with shorter OFDM symbols (and hence wider sub-carrier spacing) is preferable both in terms of (protocol) latency and carrier bandwidth.

In general, the use of unlicensed spectrum in combination with any features of the New Radio interface should be studied and operation in unlicensed spectrum should be taken into account when designing these features so that ample flexibility is provided to operate in a diverse set of environments. This is especially important since existing regulatory regimes are not likely to change significantly, especially in unlicensed spectrum where existing technologies such as Wi-Fi or LAA already operate. 
We therefore suggest the following.
[bookmark: _Toc444791066][bookmark: _Toc444791077][bookmark: _Toc446082891][bookmark: _Toc447033258][bookmark: _Toc447289855]3GPP should carefully study the impact of new functionalities and features on operation in unlicensed and shared-licensed spectrum and choose an appropriate radio interface design.
Conclusion
We discussed some characteristics of the New Radio interface which need to be designed with a goal of allowing efficient operation in unlicensed spectrum. The following observations and proposals were made.
Observation 1	For operation in unlicensed bands (5 GHz and beyond), a numerology with shorter OFDM symbols (and hence wider sub-carrier spacing) is preferable both in terms of (protocol) latency and carrier bandwidth.
	
Proposal 1	3GPP should carefully study the impact of new functionalities and features on operation in unlicensed and shared-licensed spectrum and choose an appropriate radio interface design.
[bookmark: _GoBack]
References
R1-163243, “Supporting unlicensed spectrum in NR”, Ericsson, RAN1-84bis,  2016-04-11 to 2016-04-15



