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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 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 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 coexistence. As outlined in [1], it is therefore desirable to consider the use of licensed, unlicensed and shared-licensed spectrum throughout the design phase 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 the usual licensed spectrum. 
Discussion
Flexible Numerology
Compared to Wi-Fi, the symbol duration of LTE is long and the L2 protocols operate with a granularity of an entire subframe (14 symbols). This difference in timing granularity made it challenging to apply Wi-Fi’s LBT mechanism to LTE. 
In order to handle the wide range of carrier frequencies and services considered for the New Radio interface, a scalable numerology is a 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 ease 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 those efficiently (e.g. in terms of hardware complexity), the use of carriers wider than LTE’s maximum of 20 MHz is attractive. 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: _Toc447300070][bookmark: _Toc447313987]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.
Beamforming
A key feature of the New Radio interface is massive MIMO with high-gain beam-forming which may provide isolation by means of narrower directional beams and reduce interference in many cases. However, using coexistence mechanisms such as Listen-Before-Talk (LBT) using directional narrow beams may bring severe hidden and exposed node problems. 
The key idea of LBT is that the Source Node (SN) listens to check the channel status before it actually makes a decision on whether it can transmit to a Destination Node (DN) or not. In other words, the default mode of LBT for the source node is ‘not to send’ until it is confirmed that the channel is available by means of listening. Here ‘available’ means that the planned transmission will neither interfere with nor be interfered by currently ongoing transmissions. Thus, the assumption behind this is that the sensed power at SN side represents the interference power at DN side. However, when the sensed power at SN side is much smaller than interference power at DN side, the hidden node problem may occur, i.e. the channel is considered available but actually occupied. On the other hand, the exposed node problem may occur when sensed power is much larger than interference power, i.e. channel is detected busy but is actually not occupied so that a transmission from SN to DN would not harm any other nodes.
Among the existing solutions to tune the abovementioned problems in currently deployed systems is setting a feasible detection threshold which makes the probability of occurrence of such problems acceptable.
However, for systems operating with large antenna arrays where high-gain beam-forming is applied for data transmission, the hidden and exposed node problems would be pronounced. For instance, the high-gain narrow beams imply that the power sensing phase is performed with a directional beam-forming pointing towards the direction of the planned transmission. Hence, different orientations may result in different sensed power levels which in turn may lead to a less correct LBT as well as performance degradation in terms of average system throughput and cell-edge user throughput.
[bookmark: _Toc444791064][bookmark: _Toc444791075][bookmark: _Toc446082889][bookmark: _Toc447033256][bookmark: _Toc447300071][bookmark: _Toc447313988]Massive MIMO with high-gain beam-forming may provide isolation by means of narrower directional beams and reduce interference in many cases. However, performing coexistence mechanisms such as Listen-Before-Talk using directional narrow beams may bring severe hidden and exposed node problems. 
An attempt to solve this problem could be a ‘Request To Send / Clear To Send (RTS/CTS)’ handshaking mechanism similar to what is defined for Wi-Fi. When LBT indicates that a channel is idle the SN transmits a RTS command to a DN which responds by sending CTS message. As a result, neighbour nodes, hearing the RTS and CTS would defer their transmission in order to avoid the hidden node problem. A drawback of this signalling is that it would pronounce the above-mentioned exposed node problem especially in high beam-forming cases where the exposed node problem is already significant and interference probability is relatively low. In addition, such a mechanism introduces additional signalling overhead and protocol latency. Therefore, we do not consider traditional RTS/CTS as a feasible solution for solving hidden and exposed node problems that may be experienced by the next generation radio access.
[bookmark: _Toc444791065][bookmark: _Toc444791076][bookmark: _Toc446082890][bookmark: _Toc447033257][bookmark: _Toc447300072][bookmark: _Toc447313989]Traditional RTS/CTS may not be a feasible solution for solving these problems for the next generation radio access
We expect that besides these examples also other key characteristics of NR will impact the applicability of the technology to unlicensed spectrum - positively or negatively. We therefore suggest the following.
[bookmark: _Toc444791066][bookmark: _Toc444791077][bookmark: _Toc446082891][bookmark: _Toc447033258][bookmark: _Toc447300073][bookmark: _Toc447313985]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
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.
Observation 2	Massive MIMO with high-gain beam-forming may provide isolation by means of narrower directional beams and reduce interference in many cases. However, performing coexistence mechanisms such as Listen-Before-Talk using directional narrow beams may bring severe hidden and exposed node problems.
Observation 3	Traditional RTS/CTS may not be a feasible solution for solving these problems for the next generation radio access

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.
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