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Introduction
The SID for NR-unlicensed includes the following objectives 
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
The above study will address the following architectural scenarios (RAN2): 
· 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
Following the objectives, the NR licensed design will be the baseline for NR-unlicensed (NR-U) design. Only changes that are essential for unlicensed operation will be introduced. 
In this paper, we focus on the Idle and Connected mobility, RRM and RLM. The related channel access aspects are covered in a companion paper [1].
Discussions
A robust protection mechanism should not make fundamental assumptions on inter-cell synchronizations. While synchronous NR networks in contention environments can be considered for optimization, the robust signalling of protected DL and UL channel resources shall allow asynchronous deployments for both intra and inter-operator neighbour cells.
Proposal 0: Robust mobility involving NR-U cells shall be possible for asynchronous (intra-operator and inter-operator) cell deployments.
As outlined [1], cell discovery signals (including SSB and essential SI) should benefit from robust medium access protection. Such protection ensures that UE can seamlessly support various mobility scenarios, as well as is able to reliably monitor the serving/camping cell quality.
2.1	Idle and Inactive Mobility
As confirmed in RAN1#92 [2], the standalone deployment scenario will be part of the Study Item evaluation. As in NR licensed system, in NR-U SA, the UE needs to acquire the target cell information after reselection, to determine post-reselection camping behaviour (e.g. necessity for tracking area registration)
Observation 1.1: After a reselection target is chosen, essential System Information (e.g. PLMN-Id, registration area, and – where necessary slice information) allow UE to determine cell suitability and should.
A camping cell broadcasts reselection-assisting information to help the UE make correct and reasonable next-target decision (e.g. frequency priorities, cell quality offsets and thresholds, etc), largely based on physical layer measurements. In a multi-operator environment, it is unclear whether L1 reselection configuration (e.g. RS whitelists/blacklists) are adequate or robust for deciding reselection targets, or whether additional/alternative metrics need consideration.
Proposal 1.1: RAN2 should study robust and mechanisms in assisting UE for cell reselection within the same operator network.
The ability to limit power consumption is a crucial feature of Idle and Inactive UEs. This is achieved by limiting RS monitoring needs (idle DRX). An important role in this ability in licensed deployments is the ability of UEs to predict the occurrence of camping cell RS (e.g. SSB) and of essential information (e.g. paging). As proposed in [1], these RS and essential information should robustly occur in a periodic SMTC-U (unlicensed access SMTC) interval. Idle and Inactive UEs should be able to acquire SMTC-U configuration from SI.
Proposal 1.2: SMTC-U information for monitoring camping cell RS, needed for robust channel access, should be broadcasted to assist reselecting UEs.
A UE at cell edge also needs to monitor neighbour cell RS based on the information provided by the current camped or serving cell. It is crucial to the UE’s power saving ability to limit the amount of time UEs need to take such neighbour cell measurements. In licensed deployments, this is achieved by ensuring such RS occur at predictable intervals (and preferably away from RS of other operators’ cells). 
Those neighbour cells anyways need to confine their RS to predictable SMTC-U intervals, for their own camping UEs’ benefit. To the extent which those neighbour cells’ SMTC-Us can be controlled inside a deployment, it would benefit to use this knowledge to limit camping UEs neighbour cell measurements.
Proposal 1.3: RAN2 should study the broadcasting of neighbour SMTC-U information for discovering same-operator neighbour cells 
As a carrier becomes loaded, or a particular camping cell is impacted by contention with an aggressor node, UEs would be better served on a less contended carrier or neighbour cell, even if less preferable from an RS perspective.
Proposal 1.4: Medium contention (at the cell or carrier level) should be considered as part of cell reselection mechanism.
2.2	Connected Mobility
RRM events that depend on serving cell quality would benefit from limiting UE measurements (for power consumption reasons, especially for UEs configured with connected-mode DRX), to windows of time where RS is expected to be robustly available.
Proposal 2.1: SMTC-U configuration should be provisioned for UEs to use in facilitating serving cell measurements.
A similar observation applies to UEs measurements of neighbour cell RS, in connected mode:
Proposal 2.2: SMTC-U configuration should be provisioned for UEs to use in facilitating neighbour cell measurements. This may or may not be the same as the SMTC-U configuration for serving cell measurements.
By the nature of a shared medium, deployments can – at most – expect control only over the configuration of cells in the deployment itself. The presence of other deployments’ cells is useful, yet uncontrolled, information. One main benefit of acquiring neighbour cell information is to determine whether a measured RS belongs to the same deployment. Another is to assist the deployment’s own ANR and SON functionality.
Proposal 2.3: ANR reports shall be possible for NR Unlicensed, to report – at least  – PLMN, ECGI, registration area and cell access information for NR-Unlicensed neighbours.
Just like for idle mode mobility, carrier load information is important to both determine the quality of a handover target, as well as to help the deployment determine good carriers for gNB cells.
Proposal 2.4: RAN2 should study reporting carrier load measurements (and their nature), for NR-Unlicensed, to allow cell channel selection and handover target selection.
2.3	RLM
As proposed in [1], RS needed for mobility and cell monitoring should be available in a robustly predictable SMTC-U interval. Nevertheless, unlike in licensed deployments, RS – which the RLM function relies on – may not be always available at fixed slot (or slot burst) location. When monitoring the radio link quality of a serving cell, the RLM function should be robust to occasional erasures of RLM RS.
Furthermore, cell signal strength is not a sufficient serving cell quality indicator for of a cells deployed in a multi-operator contention carrier. A contention metric is additionally preferable to ensure UEs camp on cells that achieve a good performance between signal strength and signal availability at the UE location.
Proposal 3.1: RAN2 should study separating radio link strength from medium load, for Radio Link Monitoring purposes. In particular, RLM should be resilient to occasional erasure of robust RS in good channel conditions.
Connected DRX UEs can achieve significant power savings by monitoring RS at DRX-ON occasions (regardless of whether the UE is scheduled occurs at those occasions). For capacity needs, licensed deployments randomly offset these DRX ON occasions. In unlicensed environments, transmissions – even if short – at multiple random offsets results in strongly undesirable medium pollution; this limits the overall medium capacity.
Excessive power consumption would result from requiring NR Unlicensed UEs to rely on separate intervals for RLM and scheduling. Instead, it is preferable to study simple DRX changes to permit UEs to preserve DRX power savings benefits, without unduly trading off the ability to serve a large number of DRX UEs.
Proposal 3.2: RLM for UEs configured with DRX should be able to rely on robust SSB transmission, with no or minimal impact on power consumption.

Summary
The proposals and observations made in this contribution are summarized below.
Proposal 0: Robust mobility involving NR-U cells shall be possible for asynchronous (intra-operator and inter-operator) cell deployments.
Observation 1.1: After a reselection target is chosen, essential System Information (e.g. PLMN-Id, registration area, and – where necessary slice information) allow UE to determine cell suitability and should.
Proposal 1.1: RAN2 should study robust and mechanisms in assisting UE for cell reselection within the same operator network.
Proposal 1.2: SMTC-U information for monitoring camping cell RS, needed for robust channel access, should be broadcasted to assist reselecting UEs.
Proposal 1.3: RAN2 should study the broadcasting of neighbour SMTC-U information for discovering same-operator neighbour cells 
Proposal 1.4: Medium contention (at the cell or carrier level) should be considered as part of cell reselection mechanism.
Proposal 2.1: SMTC-U configuration should be provisioned for UEs to use in facilitating serving cell measurements.
Proposal 2.2: SMTC-U configuration should be provisioned for UEs to use in facilitating neighbour cell measurements. This may or may not be the same as the SMTC-U configuration for serving cell measurements.
Proposal 2.3: ANR reports shall be possible for NR Unlicensed, to report – at least  – PLMN, ECGI, registration area and cell access information for NR-Unlicensed neighbours.
Proposal 2.4: RAN2 should study reporting carrier load measurements (and their nature), for NR-Unlicensed, to allow cell channel selection and handover target selection.
Proposal 3.1: RAN2 should study separating radio link strength from medium load, for Radio Link Monitoring purposes. In particular, RLM should be resilient to occasional erasure of robust RS in good channel conditions.
Proposal 3.2: RLM for UEs configured with DRX should be able to rely on robust SSB transmission, with no or minimal impact on power consumption.
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