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Introduction
In the last RAN plenary (RAN#71), a study item on ‘New Radio Access Technology’ was approved [1] based on consensus that a new non-backward compatible radio access technology needs to be developed in order to meet the challenges of next generation cellular communications. The SI will study and evaluate potential technologies targeted for meeting key NR requirements under future NR deployment scenarios and applications.
It is stated in [2] that Next Generation Radio Access Technologies should support efficient mechanisms to share spectrum with other IMT/Non-IMT systems. The spectrums shared with other IMT/Non-IMT systems include shared spectrums (e.g., 3.5GHz band and potentially 37GHz band in the US) as well as unlicensed spectrums such as 5GHz, 60GHz bands. In this contribution, we present our views on the shared spectrum support for NR. 
Shared spectrum support for NR
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Listen-before-talk (LBT) has been the cornerstone of co-existence mechanism for LAA in Rel-13 and now Rel-14. While the current energy detection (ED) based LBT proved to be an effective channel access mechanism for LAA from co-existence viewpoint, there are new challenges to be considered for NR. A couple of examples are given below.
[bookmark: _GoBack]At mmWave bands, DL/UL links can be highly directional to compensate for the large path loss. However, ED-LBT for LAA was designed without consideration for highly directional DL/UL links. Figure 1 illustrates different outcomes of LBT for non-beamforming based systems (Figure 1(a)) and beamforming based systems (Figure 1(b) and Figure 1(c)). In Figure 1(a), RAT1 BS transmits to RAT1 UE without beamforming. RAT2 BS senses the transmission of RAT1 BS and does not transmit to RAT2 UE. On the other hand, if both RAT1 and RAT2 are beamforming based systems as shown in Figure 1(b) and Figure 1(c), RAT2 BS may not be able to detect the energy of RAT1 BS and hence transmits to RAT2 UE. If both RAT1 and RAT2 UEs are within the coverage of RAT1 and RAT2 BSs, both RAT1 UE and RAT2 UE might fail to receive the respective transmissions due to inter-RAT interference depending on the support of Tx and Rx beamforming at the BS and UE respectively. Clearly, there is a need to study enhanced LBT schemes that can be effective for beamforming based systems.     
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(a) Non-beamforming based systems     
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     (b) Systems with Tx beamforming               (c) Systems with Tx/Rx beamforming
Figure 1: Non-beamforming based systems vs. beamforming based systems

Observation 1: LAA LBT channel access protocol may not provide effective co-existence among systems with highly directional DL/UL links.
The current LBT protocol adopted for LAA is appropriate since co-existence with Wi-Fi was the requirement. The requirement to co-exist with Wi-Fi also motivated the LBT protocol design for LAA which shares many similar elements as Wi-Fi’s LBT protocol. However, when co-existence with Wi-Fi (or other LBT-based systems) is not required, co-existence mechanisms need not be limited to LBT. An alternative to distributed or uncoordinated LBT is to enable access to shared spectrum via a central coordinator node or entity. An example of such an approach is the Spectrum Access System (SAS) (Figure 2) which is being proposed for the 3.5GHz spectrum in the US to enable sharing of the spectrum among three tiers of users (the incumbents, Priority Access License (PAL) tier, and the General Authorized Access (GAA) tier) [3]. The SAS determines a spectrum assignment based on reports from the ECS (Environmental Sensor Capability) regarding the presence or activity of the incumbents and interference/congestion reports from PAL/GAA users [4]. 
Centralized coordination is not the only option, different distributed or uncoordinated protocols other than the LBT designed for LAA operation should also be considered. Moreover, a hybrid of centrally coordinated and distributed co-existence approaches is also possible, depending on the deployment scenario or requirements for coordination. For example, in case of the SAS, it is not guaranteed to assign spectrum in exclusive manner, but bandwidth is assigned dynamically while attempting to minimize interference to/from PAL users. For centralized approaches, the overall spectrum utilization depends on the latency of feedback, and the allocations may not have the same time-scale as the channel dynamics. As a result, it is beneficial for multiple RATs to share efficiently and dynamically common spectrum assigned by a shared spectrum coordination entity. 
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Figure 2: Shared spectrum coordination entity

Observation 2: When co-existence with Wi-Fi (or other LBT-based systems) is not required (e.g. by regulation), co-existence schemes beyond LBT are possible.

Based on the above discussion, our proposal is as follows:
Proposal: Channel access mechanisms including enhanced LBT protocols and non-LBT based protocols should be studied for the NR operation on shared or unlicensed spectrum. 

Conclusions
In this contribution, we presented our views on the shared spectrum support for NR.
Observation 1: LAA LBT channel access protocol may not provide effective co-existence among systems with highly directional DL/UL links.

Observation 2: When co-existence with Wi-Fi (or other LBT-based systems) is not required (e.g. by regulation), co-existence schemes beyond LBT are possible.

Proposal: Channel access mechanisms including enhanced LBT protocols and non-LBT based protocols should be studied for the NR operation on shared or unlicensed spectrum. 
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