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1 Introduction
In 3GPP’s Study Item (SI) “Study on NR-based Access to Unlicensed Spectrum” [1] the following objectives are mentioned
· Mobility, including connected/inactive/idle mode operation and radio link monitoring/failure in NR-based operation in unlicensed spectrum. 
· Ensure from a RAN level that connection and security management can be integrated with E-UTRAN, NR RAN and 5G CN architecture, including service continuity requirements for users moving between cells of licensed and unlicensed bands liaising with SA2 as required. 

In this document we outline the major deployment scenarios in NR-U Stand Alone (SA) and discuss the possible mobility solutions.
 
2 NR-U SA: Deployment Scenarios for Mobility
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Figure 1: Deployment Scenarios in NR-U

As NR-U will operate in different un-licensed bands, it will contain both (a) operator-controlled as well as (b) private (no operator-control) deployment.  As shown in Figure 1, operator-controlled deployments could be of two types 
i. Only un-licensed frequencies 
ii. Both licensed and un-licensed frequencies. 

On the other hand, private deployments can also be categorized into two types 
i. Single home-cell type
ii. Neutral hosts, with sharing across multiple operators (typically in malls and hotels)

Observation 1: Deployment scenarios in NR-U SA can be classified into two major categories:
a) Operator-controlled: Involving (i) only un-licensed (ii) licensed and unlicensed frequencies
b) Private (no-operator): (i) home (single cell) deployment (ii) neutral host (in malls or hotels), involving only un-licensed frequencies.

As NR-U will contain both operator-controlled and private deployments, mobility management in NR-U needs to consider all deployment scenarios, mentioned in Observation 1.
Proposal 1: NR-U should consider both operator-controlled and private network deployment scenarios.

Based on the above observation and proposal, we would like to discuss some aspects of mobility solutions for NR-U.   

3 Mobility Solutions for NR-U SA
3.1 PCI collision on Layer 1

PCI collision is the scenario when a UE at a given frequency can receive DL transmissions from multiple cells that use the same physical layer cell ID (PCI). PCI is used for scrambling of PBCH, PDCCH and PDSCH. It is also used by the UE to discriminate receptions from different cells. If PCI collision happens, many things in the UE may go wrong, and other kind of solutions may need to be introduced to make sure that the UE can discriminate transmissions from different cells. It seems, instead it could be possible to avoid PCI collision. 
Proposal 2: NR-U Layer 1 PCI collision shall be avoided by a requirement that before a PCI is used, DL shall be scanned to make sure this PCI cannot be detected in the coverage of the new cell. This solution should be the baseline. Other solutions should be justified. 

3.2 Cell Identification and PCI confusion
For control of mobility, PCI is currently used in neighbor cell lists, measurement configuration and measurement reports. As NR-U is deployed in unlicensed spectrum, nearby cells can be deployed by different operators and/or private parties, meaning that a UE may measure and report a certain cell with a certain PCI, triggering a handover to this cell. However, if the measured and reported cell is not the expected one, but instead a cell of another operator using the same PCI, the handover will fail. We observe that if we use current NR mobility principles for cell identification etc. it may lead to the following issues: 
· UE may camp on a NR-U cell that he is not allowed to use (SA)
· UE may report and trigger mobility to a cell that he is not allowed to use (SA, LAA). 
There is also a potential issue that the UE may spend measurement effort on cells that he is not allowed to use (SA, LAA), but we suggest not to focus on this for now. 
Proposal 3: The UE shall not camp on a NR-U cell that it is not allowed to use.
Proposal 4: It shall be possible to avoid mobility in connected mode to an NR-U cell that cannot be used. 

We observe that cell global identity (CGI) has been adopted, to resolve issues of PCI confusion in LTE home cells and CSG. We think it would make sense to follow this approach for NR-U. The ambition level would require further discussion, e.g. whether to use CGI in all steps (in neighbor cell lists), or e.g. only apply it at cell suitability check in Idle/Inactive mode, and use a “report CGI” option for connected mode. 
Proposal 5: Use of Cell global Identity is a solution to overcome problems of cell identification and PCI confusion. 

3.3 Operator Controlled Deployment
We assume that operator controlled deployment is planned, coordinated, and consists of areas of consistent coverage. From many perspectives, such NR-U SA cells can be handled similarly to NR Licensed pico cells. From mobility perspective, UE mobility to such NR-U SA neighbour cells could be based on configurations provided by the serving cell of the UE, i.e. based on neighbour cell lists etc.  
Proposal 6: Neighbour cell lists / Serving cell configuration is used as baseline for mobility to NR-U SA cells in operator-controlled deployments. 

3.4 Private Deployment
However, different solutions are required for private cells. 

In a private deployment: 
· Private NR-U cells may not be known to the telco operator of the UE, so mobility to private NR-U cells from operator cells, can in general not be done based on serving cell configurations or neighbour cell lists.
· It is not clear to what extent a privately deployed cell can be used for the service of the telco operator, there could be several cases a) telco operator service cannot be provided, b) telco operator service can be provided. In the case a) the UE usage of a NR-U private cell may be completely transparent to the telco operator service, e.g. the UE may still camp on and use licensed service, while using NR-U SA as well, similar to WiFi usage. 

For all of these cases there is a general AS problem of mobility that the private NR-U cells need to be found and identified. Such cell or small group of cells may be isolated and may be the only cells on an NR-U frequency that the UE is allowed to use.

We propose to use the Home eNB and Closed Subscriber Group (CSG), originally discussed in 3GPP Rel. 11 LTE systems [3], as the inspiration for mobility involving private deployments. A CSG list could be provided to the UEs, the UEs can use proprietary, autonomous search for finding the private cells and a manual selection function is needed. 

Proposal 7: Manual selection shall be supported for mobility to private NR-U cell(s).
Proposal 8: A UE autonomous search function can be considered for mobility to private NR-U cell(s).

4 System Aspects
We note that several items discussed in this paper has system level implications and discussions are needed in other groups, primarily SA2, to confirm feasibility, e.g. a high level confirmation is needed that the suggested deployment options can be supported. 
 
On a more detailed level, we could also ask for input on the following suggestions: 
· Usage of CGI and PLMN id to know whether a UE is allowed to use a cell or not, and the AS/NAS responsibility split, e.g. the authorization knowledge may be handled by NAS for both operator deployed and private cells. 
· The AS/NAS responsibility split for functions for mobility towards private or uncoordinated NR-U cells, manual selection and UE autonomous search. 

We assume that SA2, in any case, for private deployments, also would need to discuss applicability of SIM, security, PLMN selection, PLMN ID etc.  

Proposal 9: Send an LS to SA2 for their input on system aspects discussed in this document. 
5 Conclusions
In this document, we first point out the possible deployment scenarios to consider mobility in NR-U SA. Subsequently, we propose some viable mobility scenarios and solutions for different deployment scenarios. Our observations and proposal are summarized below.

Observation 1: Deployment scenarios in NR-U SA can be classified into two major categories:
a) Operator-controlled: Involving (i) only un-licensed (ii) licensed and unlicensed frequencies 
b) Private (no-operator): (i) home (single cell) deployment (ii) neutral host (in malls or hotels), involving only un-licensed frequencies)

Proposal 1: NR-U should consider both operator-controlled and private network deployment scenarios.

Proposal 2: NR-U Layer 1 PCI collision shall be avoided by a requirement that before a PCI is used, DL shall be scanned to make sure this PCI cannot be detected in the coverage of the new cell. This solution should be the baseline. Other solutions should be justified. 

Proposal 3: The UE shall not camp on a NR-U cell that it is not allowed to use.

Proposal 4: It shall be possible to avoid mobility in connected mode to an NR-U cell that cannot be used.

Proposal 5: Use of Cell global Identity is a solution to overcome problems of cell identification and PCI confusion.

Proposal 6: Neighbour cell lists / Serving cell configuration is used as baseline for mobility to NR-U SA cells in operator-controlled deployments.

Proposal 7: Manual selection shall be supported for mobility to private NR-U cell(s).
Proposal 8: A UE autonomous search function can be considered for mobility to private NR-U cell(s).

Proposal 9: Send an LS to SA2 for their input on system aspects discussed in this document. 
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