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1. Introduction
A study item proposal on NR-based Access to Unlicensed Spectrum [1] was approved in RAN-75 in March, 2017. In the meantime, works on NR licensed access and further enhancements to LTE operation in unlicensed spectrum [2] have started. The study on NR-based Access to Unlicensed Spectrum is expected to start in early 2018, by which time the first phase of NR licensed work will be nearing its end. It is natural to exploit the new features introduced in NR and leverage LAA/eLAA and their continuing enhancement when designing NR unlicensed access.
In this contribution, we take a high level survey of current NR features in licensed spectrum that may have impact on unlicensed operation, with a focus on channel access mechanism since it is crucial to the efficient utilization of the unlicensed spectrum. In addition, we also identify a few areas in LAA/eLAA that have room for further enhancement.
2. New Features in NR with Impact on Access to Unlicensed Spectrum
2.1. Flexible Frame Structure and Feedback Timing
NR introduces very flexible frame structure with DL only, UL only and bi-directional slot formats. The PDSCH resource allocation is also very flexible and can start in almost every symbol in a slot. Multi-slot scheduling is also possible, as in LAA/eLAA. The HARQ feedback timing can be dynamically indicated. These new changes all pave the way for NR to be adapted to operate in unlicensed spectrum.  
2.2. Beam Management for Highly Directional Beams
For NR operating in the millimeter wave bands, highly directional transmit and receive beams are required to compensate for the large path loss. Beam management is therefore introduced to maintain the robustness of the directional links that are very sensitive to any deviation from the optimal direction. For NR unlicensed access, particularly in the 60 GHz band, the applicability of the suite of the beam management procedures needs to be carefully examined. In regions where regulation requires Listen Before Talk (LBT), the transmission of CSI-RS for beam management and the UE’s measurement report in response to the triggering of the report may not be as timely as in the case of licensed band. Any change to NR beam management required for it to work well in the unlicensed band should be studied.
2.3. Absence of CRS
One of the key design principles for NR is the reduction in the transmission of always-on signals to lower interference and power consumption and ensure forward compatibility. Many of the functionalities originally provided by the Common Reference Signal (CRS) are now replaced by new dynamically configured reference signals. The CRS in LAA/eLAA can potentially be used by the UE to detect the presence of DL transmission and thus avoid constant attempts to decode PDCCH. In the absence of CRS, a UE operating in NR unlicensed spectrum may not be able to find a replacement that provides similar detection accuracy as CRS.
Moreover, the time frequency synchronization of UE to the network may be degraded due to the removal of CRS. This is most severe to the frequency tracking in the reception of very short slots. The remedy in NR is the introduction of Tracking Reference Signal (TRS). If TRS is also adopted in NR unlicensed spectrum, its transmission will also be subject to LBT and may therefore be sporadic and unreliable.
3. Areas in LAA/eLAA to be Further Enhanced
3.1. [bookmark: _Ref494794648][bookmark: _Ref498691681]Intra-RAT Frequency Reuse
Modern cellular network in licensed spectrum uses reuse-1 deployment and adaptive rate control to mitigate co-channel inter-cell interference. Unlicensed access can adopt similar principle within the same Radio Access Technology (RAT), or at least in the same RAT deployed by the same operator. Uncoordinated LBT operation among different nodes of the same RAT in the same network results in unnecessary blocking of one another and thus lower efficiency.
Facilitating tighter frequency reuse in unlicensed spectrum is of particular interest to the deployment in the 3.5 GHz Citizens Broadband Radio Service (CBRS) band, in which tiered access rights are granted to the fee-paying Priority Access Licensees (PAL) as well as General Authorized Access (GAA) users. The former has higher priority over the latter and may deploy a network with tighter frequency reuse. In the absence of the PAL and other GAA user, a GAA user may opportunistically operate its network with tighter reuse. 
3.2. Omni-directional Carrier Sensing
LBT is a spectrum sharing mechanism that works across different RATs. However, it suffers from the hidden node and exposed node problems. The well-known issues are due to the fact that coverages of the nodes in a network are different. The problem becomes more severe and complicated when the coverage of sensing and the coverage of transmitting are different. This may occur when an omnidirectional antenna pattern is used for carrier sensing while a directional antenna (or array) pattern is used for transmission, leading to higher chance of the node’s being exposed. Figure 1a shows that a device A senses the carrier using omnidirectional antenna pattern and overhears the transmission from device C to D. Device A subsequently refrains from transmitting to its targeted receiving device B, which is an unnecessary move since transmission from A to B using highly directional beams (Figure 1b) does not interfere with the transmission from C to D.
[image: ]
[bookmark: _Ref498629767]Figure 1: (a) Omnidirectional carrier sensing, (b) two concurrent directional communication links
If the direction of the communication is known, directional carrier sensing may help in certain situations. However, this leads to a different kind of problem, as illustrated in [3] (Figure 1). Effects of the directivity of carrier sensing and transmission should therefore be studied thoroughly and necessary measures be taken to maximize the system’s performance.
3.3. Channel Access based on Message Exchange
If the nodes in the network are of the same RAT and can therefore exchange short control messages (which are themselves subject to LBT) before the long data transaction, the problems of hidden and exposed nodes can be better managed. The Request To Send (RTS) and Clear To Send (CTS) protocol in WiFi is a simple example. RTS/CTS protocol is not currently adopted in LAA/eLAA. However, it may be worthy of reconsideration in NR unlicensed access since the hidden node and exposed node problems become more severe in directional link as mentioned above.
Figure 2 shows an example of RTS/CTS resolving exposed node problem when device A is attempting to transmit to device B. In the figure, solid line denotes transmit beam while dashed line denotes receive beam. Before A transmits its data to B, it sends a short RTS carrying the identities of the source (A) and destination (B) along with the expected duration of the data transmission. The RTS is heard by both its intended target B as well as a third device C. Upon receiving the RTS of its source node A, device B transmits a CTS, which is heard by A but not by C. After receiving the CTS from B, A understands that the medium is available and has been reserved by the RTS/CTS exchange for a certain duration. It then starts transmitting to B. Since device C never hears a CTS within an expected short interval, device C realizes its being an exposed node and may transmit to D. Two concurrent directional links can thus be established without interfering each other.
[image: ]
[bookmark: _Ref498607580]Figure 2: RTS/CTS in directional links
The benefits of such message-exchange based spectrum sharing technique depend on the propagation environment and traffic condition and should be carefully evaluated in different NR unlicensed scenarios. Also message exchange among nodes to improve frequency reuse factor as discussed in Section 3.1 should be studied.
4. Conclusion
In summary, we have the following observations:
Observation 1: The new features introduced in NR in licensed band that may impact unlicensed channel access include at least
0. Flexible Frame Structure and Feedback Timing
0. Highly directional transmission and beam management
0. Absence of CRS 
Observation 2: The areas in LAA/eLAA that have not been fully addressed or can be further improved include at least
a. The lack of support for intra-RAT tight frequency reuse
b. The lack of support for LBT in directional transmission/reception
c. The lack of support for interference mitigation based on message exchange among devices
Based on these observations, we propose that
Proposal 1: NR-based Access to Unlicensed Spectrum should leverage existing LAA/eLAA works and new features introduced in NR for licensed spectrum.
Proposal 2: NR-based Access to Unlicensed Spectrum should resolve issues that are not fully addressed in LAA/eLAA as well as issues that arise due to newly introduced NR features.
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