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Introduction
In order to efficiently utilize the large amounts of unlicensed spectrum available worldwide, both licensed operation and unlicensed operation are considered for NR. At RAN-75, a study item on NR-based Access to Unlicensed Spectrum was approved [1]. One objective is to:
· 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
In this contribution, we will discuss mobility framework in NR-U for connected mode UEs and discuss some of the challenges that we might encounter, and then we propose a way forward. 
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Mobility in RRC_CONNECTED in NR
In NR, network-controlled mobility in RRC_CONNECTED mode can be categorized into two types:
Beam level mobility: This mobility refers to the need to change the serving beam within a cell (intra-cell), and can be handled in lower layers, i.e., does not require RRC signalling.
Cell level mobility: This is the mobility between two serving cells and requires explicit RRC signalling, i.e. handover. Cell level mobility is handled similarly to the LTE, as depicted in Figure 1. The source gNB, based on the beam measurements from the UE, decides that a handover is needed. Then, the source gNB initiates handover towards the target gNB via sending a “Handover Request” message over Xn interface. The target node performs admission control and sends a “Handover Acknowledgement” message to the source gNB to acknowledge the handover. As part of this message, the target gNB provides the RRC configuration that will be included in the “Handover Command” that will be sent to the UE by the source gNB. The handover command includes the cell ID and all information needed to access the target cell such that the UE can access the target gNB without reading system information. The UE, then, moves to the target cell and sends the “Handover Complete” message.
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[bookmark: _Ref508286137]Figure 1 Basic handover in NR
Cell level mobility, described above, is referred to as basic handover in TS 38.331. As mentioned above, this mobility solution adopted for Rel-15 is based on LTE but it has the following important differences:
· RRM measurements used for mobility can be based on both NR-SSB and CSI-RS.
· Dedicated RACH resources can be sent as part of HO preparation message, in which case the UE should prioritize them over common resources.
DRS and LBT in NR-U
When operating in unlicensed spectrum it is important to minimize always on transmissions and to concentrate them in time as much as possible. Minimizing always on transmissions reduces interference both within a network and towards other networks. Concentrating transmissions in time instead of spreading them out has the benefit that the number of times a node needs to contend for the medium is minimized. This has resulted in the introduction of Discovery Reference Signal (DRS) in Rel-13 LAA. The same reasoning that led to the introduction of a DRS in Rel-13 LAA can also be applied to NR when operating in unlicensed spectrum (NR-U). This will probably result in an introduction of DRS in NR-U as well. The exact structure of such signal will be studied by RAN1. From RAN2 perspective, we can observe that the reference signal structure in NR-U might differ, at least to some extent, with that in NR.
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Additionally, in unlicensed operations, transmissions are subject to LBT which may hinder efficient implementation of mobility in NR-U. In fact, the lack of reference signal may compromise RRM estimation and certain critical information such as RRC configuration signalling (i.e. handover command, handover complete) and SIB signalling may be delayed/dropped.
In NR-U, reference signals are subject to transmission uncertainty due to possible LBT failure.
Mobility in RRC_CONNECTED in NR-U
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As NR-U can be deployed alongside another licenced NR or LTE carrier, there can be different mobility scenarios:
· Intra-cell NR-U mobility (beam level mobility)
· Inter-cell handover between NR-U and NR-U
· Inter-cell handover between NR-U and NR
· Inter-RAT handover between NR and LTE
The mobility solutions should address all the above scenarios. However, inter-RAT handover between NR-U and LTE can have lower priority as this requires interactions with EPC, NR RAN and core network, which should be discussed in the context of NR-U first.
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Conditional handover
LBT will have more severe effect on cell-level mobility as in this case the UE should be handed over to a new cell, which may result in handover failure. To overcome such an issue, one can adopt a conditional handover principle, depicted in Figure 2. According to this principle, the UE is provided with measurement configuration that is sent sooner compared to the normal operating mode, for example by lowering the offset in event A3. Then, the serving gNB, based on these early measurement reports, can request an early handover to the target gNB. The target gNB does the admission control and responds with the handover acknowledgement that includes RRC configuration, similar to the basic handover described in Figure 1. The source gNB then sends the “Conditional Handover Command” to the UE. The UE, upon reception of this command, checks the given condition and whenever the condition is met, it can move to the target gNB and performs the handover. 
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[bookmark: _Ref508287788]Figure 2 Conditional handover
Due to the LBT-procedure, there may be additional delay introduced during a normal handover procedure which may cause handover failure, and to combat this we believe a conditional handover is useful. Hence, we propose the following: 
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Conclusion
In section 2 we made the following observations:
1. Reference signal (i.e. DRS) structure in NR-U can be different from the reference signal used in NR. Details up to RAN1.
1. In NR-U, reference signals are subject to transmission uncertainty due to possible LBT failure.

Based on the discussion in section 2, we propose the following:
1. [bookmark: _Toc513728199]Beam level management (intra-cell mobility), handover between NR-U and NR-U and handover between NR-U and NR should be studied first.
1. RAN2 should study which enhancements (if any) are needed for conditional handover to be used in NR-U.
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