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The ever-growing need for use of wireless applications drives the need for increasing amounts of spectrum. Most of the existing spectrum being used for LTE will not be repurposed for NR for some time. Thus, it is important to have new spectrum available to fulfill network demands. Most of the new spectrum in mmWave bands may not be very suitable for mobile applications (e.g. outdoor to indoor coverage). This is where unlicensed and shared spectrum can fill the gap. Unlicensed spectrum is a new frontier recently being exploited for mobile broadband offload using License Assisted Access (LAA). NR has the potential to improve LAA by increasing throughputs, improving QoS, as well as improving coexistence within and across users / operators. NR also has the potential to make new deployment scenarios possible and to be used in bands where there is no Wi-Fi or LTE LAA present allowing for a Greenfield design without legacy issues. At RAN-75 a study item on NR-based Access to Unlicensed Spectrum [1] was approved. Work is expected to start this year. An informal workshop on NR for unlicensed and shared spectrum was held in San Diego in Oct, 2017. Subsequently, an email discussion was conducted to discuss deployment scenarios, spectrum options and simulation scenarios. In this contribution we describe some deployment scenarios and spectrum options that may be attractive to operators. 
Discussion
Deployment scenarios

Mobile data offload has been the number one use case for unlicensed spectrum. With NR it would continue to be the most significant use case. NR natively supports a more efficient design allowing for higher throughputs, lower latency, better QoS and improved coexistence
Proposal 1	Consider improved mobile data offload (DL and UL) for NR-U 
A sizable amount of unlicensed spectrum in 60 GHz is suitable for P2P applications due to high EIRP limits. This spectrum, along with licensed spectrum can be used for integrated access and backhaul (IAB), where the unlicensed spectrum may be used for both access and backhaul. 
Proposal 2	Consider scenarios where NR-U serves both access and backhaul traffic
Architectural scenarios
Now we discuss some of the architectural scenarios. An essential scenario is carrier aggregation of NR-U Scell(s) with a licensed band NR Pcell. It allows an operator to deploy NR gNodeBs with capability to use licensed spectrum as well as unlicensed spectrum on an opportunistic basis. It is the most robust scenario as all signaling may be carried out on the licensed Pcell. Unlicensed cells can be used for DL only operation or both downlink and uplink operation. 
Proposal 4	Carrier aggregation of NR-U Scell(s) with a licensed band NR Pcell is an essential scenario for NR-U deployment which should be supported
Carrier aggregation has stringent requirements for synchronization which may not be met in case of non-collocated deployments with realistic backhaul. Dual connectivity (DC) between NR licensed and NR-U cells has less stringent needs for synchronization and can thus be used for non-collocated deployments. DC requires UL control signaling support on unlicensed cells. 
Proposal 5	Dual connectivity between NR-U PScell and NR licensed Pcell should be supported 
Dual connectivity is also possible between NR-U and LTE licensed cell. Considering shortage of new spectrum for NR, this may be an important scenario to consider. It may also allow operators to utilize NR-U for offloading traffic from existing LTE deployments. 
Proposal 6	Dual connectivity between NR-U PScell and LTE licensed Pcell should be supported 

Spectrum scenarios

· 2.4 GHz and below. 2.4 GHz and below spectrum is highly congested and offers limited bandwidth. Therefore, we do not consider bands 2.4 GHz and below suitable for NR-U study. 
· 3.5 GHz. A good amount of CBRS band is slated for unlicensed (GAA) use in the US. Coupled with PAL, it offers an attractive mid-range option for eMBB and other solutions. Therefore, we consider 3.5 GHz as a good candidate for NR-U study.
· 5 GHz. LAA is already being deployed in this band and eLAA is expected to continue this trend. With Wi-Fi being present in this band, we do not expect NR-U to offer significant gains over LAA / eLAA. However, due to global regulatory support and extensive eco-system 5 GHz is a good candidate for NR-U study
· 6 GHz. Currently there are about 50,000 licensees (or 100,000 microwave links) in the 5.925-7.125 GHz band in the U.S., many of which support public safety and critical infrastructure.  The 6 GHz microwave bands are the only remaining spectrum for fixed point-to-point services below 10 GHz and vital for long-haul applications. Path lengths in the 6 GHz band average 30 km, i.e. twice the length of paths in the 11 GHz band so relocation of incumbent users appears both economically and technically infeasible.  The fixed microwave systems at 6 GHz are engineered for extreme reliability, making them highly susceptible to harmful interference even at significant distances.  There are proposals for low power unlicensed or licensed underlays in the band on a shared or coordinated basis. Interference from low power systems will resemble natural fading and will manifest itself as a gradual degradation of statistical reliability over time.  Because fixed microwave systems are not designed to monitor for interfering signals, interference from shared users will be difficult to detect. Even if the interference could be identified at the time it is occurring, there appears to be no feasible way to identify the interferer and remediate the problem. Therefore, neither sharing nor relocation appears to be feasible for re-purposing the 6 GHz fixed microwave allocation. For this reason we do not consider 6 GHz suitable for NR-U studies.
· 37 GHz. Due to unclear regulatory status and regional support, 37 GHz is not a good candidate for NR-U in the first phase. 
· 60 GHz. 60 GHz band offers large bandwidth, high EIRP limits (for P2P) and a stable and global regulatory support. Therefore, this band is a good candidate for NR-U study
[bookmark: _GoBack]Proposal 7	Prioritize 3.5, 5 and 60 GHz for NR-U study

Conclusion
Based on the discussion in section 2 we make the following proposals:

Proposal 1	Consider improved mobile data offload (DL and UL) for NR-U 
Proposal 2	Consider scenarios where NR-U serves both access and backhaul traffic
Proposal 3	Carrier aggregation of NR-U Scell(s) with a licensed band NR Pcell is an essential scenario for NR-U deployment which should be supported
Proposal 4	Dual connectivity between NR-U PScell and NR licensed Pcell should be supported 
Proposal 5	Dual connectivity between NR-U PScell and LTE licensed Pcell should be supported 
Proposal 6	Prioritize 3.5, 5 and 60 GHz for NR-U study
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