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1 Introduction

The SID on NR-based Access to Unlicensed Spectrum [1] (NR-U) aims to identify and evaluate technical solutions for next generation wireless systems operating on both sub-6 and above-6GHz unlicensed bands, under the following potential architectural scenarios:
· An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum

· The study assumes the techniques for linking between Pcell (LTE or NR licensed CC) and Scell (NR unlicensed CCs) according to the NR WI

· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network with priority on frequency bands above 6GHz, e.g., for private network deployments; 

· Study how to ensure from a RAN level that connection and security management can be integrated with the E-UTRAN, NG RAN and 5G CN architecture, including service continuity requirements for users moving between cells of licensed and unlicensed frequency bands, liaising with SA2 as required

This contribution discusses the potential deployment scenarios for NR-U operation.
2 Deployment scenarios for NR-U
Based on the potential architectural scenarios in the SID, the following deployment scenarios can be considered for NR-U operation:

· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· Stand-alone NR-U

2.1 Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

For NR-U, similar to LTE Licensed Assisted Access (LAA), carrier aggregation operation in which one or more SCells operate in unlicensed spectrum with an anchor carrier in licensed band would be a baseline deployment scenario. This deployment scenarios also encompass scenarios with and without macro coverage, both outdoor and indoor small cell deployments, and both co-location and non-co-location (with ideal backhaul) between licensed and unlicensed carriers as in LTE-LAA.

Under the CA framework, Rel-15 NR design can be simply reused for NR-U while providing traffic offloading to unlicensed carriers and maintaining reliability of control signaling by the assistance from a licensed NR carrier. Although this scenario may not require a support of UL control signaling on unlicensed carrier, UCI transmission on unlicensed band can also be considered for UCI offloading to avoid excessive overhead of control channel signaling in licensed cell for the scenario such as a macro cell operating in licensed band and clusters of many small cells operating in large chunks of unlicensed carriers. In this scenario, NR-U SCell may have DL only or both DL and UL.
Proposal 1: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) can be considered as a baseline scenario for NR-U
2.2 Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

Dual connectivity between NR and NR-U would be beneficial to support non-collocated licensed and unlicensed gNB deployment scenario. Under DC framework, the requirements on the synchronization between licensed and unlicensed carriers are relaxed it would enable NR-U to be deployed in various scenarios. Compared to NR and NR-U CA scenario, this scenario requires supporting a transmission of UL control signaling such as PUCCH and/or PRACH to unlicensed carrier. In addition, this scenario requires support of dual connectivity between NR PCell and NR PSCell operating in licensed carrier, which may or may not be introduced in Rel-15. Therefore, it is desirable that dual connectivity between licensed band NR and NR-U is considered after stabilization of specification support for NR and NR dual connectivity scenario first.
Proposal 2: Dual connectivity between licensed band NR (PCell) and NR-U (PSCell) can be considered after stabilizing specification support for NR and NR dual connectivity scenario
2.3 Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

Considering the first phase of non-standalone (NSA) NR specification, it can be considered as an attractive scenario where NR is deployed without licensed carrier, and/or available resources for NR are not sufficient. Unlike dual connectivity between licensed band NR (PCell) and NR-U (PSCell) scenario, this EN-DC scenario is already supported in Rel-15 NR framework. From L1 point of view, this scenario is the same as dual connectivity between licensed band NR (PCell) and NR-U (PSCell) so that specification support for a transmission of UL control signaling such as PUCCH and/or PRACH to unlicensed carrier would be required. Therefore, it may be beneficial that dual connectivity between licensed band LTE (PCell) and NR-U (PSCell) and dual connectivity between licensed band NR (PCell) and NR-U (PSCell) scenario are investigated together to avoid any additional specification work for NR and NR-U dual connectivity.
Proposal 3: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell) can be investigated together with dual connectivity between licensed band NR (PCell) and NR-U (PSCell) scenario.
2.4 Stand-alone NR-U

In this scenario, a UE can be connected to a NR-U cell without any assistance from licensed carrier. This standalone scenario may also include carrier aggregation and dual connectivity between more than NR-U cells. Although, frequency band above 6GHz is prioritized for standalone NR-U operation in the study item description, it is preferred that standalone NR-U is supported in both sub 6GHz and above 6GHz. For example, an unlicensed cell in sub 6GHz to provide coverage and an unlicensed cell in above 6GHz for traffic offloading can be aggregated for a UE. Furthermore, this scenario would be useful to widen usage of NR-U in various area including industrial and enterprise network. To realize standalone NR-U operation, enhancements on the NR-U design for the dual connectivity scenario would be necessary (e.g., initial access to unlicensed spectrum including synchronization and system information acquisition, RLM/RLF procedure on the unlicensed spectrum, etc.). Therefore, studies are required to analyze gap between standalone NR-U operation and NR-U operation with assistance from licensed carrier as well as its applicable frequency range.
Proposal 4: For NR-U standalone operation, frequency bands in sub 6GHz should also be considered along with above 6GHz.
3 Conclusions 

Based on the above discussion, followings are proposed:
Proposal 1: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) can be considered as a baseline scenario for NR-U

Proposal 2: Dual connectivity between licensed band NR (PCell) and NR-U (PSCell) can be considered after stabilizing specification support for NR and NR dual connectivity scenario

Proposal 3: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell) can be investigated together with dual connectivity between licensed band NR (PCell) and NR-U (PSCell) scenario.

Proposal 4: For NR-U standalone operation, frequency bands in sub 6GHz should also be considered along with above 6GHz.
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