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1   Introduction

The SID on NR-based Access to Unlicensed Spectrum [1] puts forwards about the functions in NR-U.

SID RP-170828:
· 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; 
Meanwhile, the following conclusions have been reached in RAN1#92:

Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 

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

· NR-U SCell may have both DL and UL, or DL-only.

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

· Stand-alone NR-U

· An NR cell with DL in unlicensed band and UL in licensed band

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

In this contribution, we will provide an overview on mobility management for NR-U.
2   Mobility discussion
The deployment scenarios to consider have already been discussed in RAN1 and it was agreed to consider the following cases:

· CA between NR licensed cell and NR unlicensed cell

· DC (with LTE and with NR)

· SA

· An NR cell with DL in unlicensed band and UL in licensed band
For those cases, the scope of mobility on NR-U are different.

For carrier aggregation, NR-U LAA uses the NR CA architecture, according to [2]. The mobility operation of NR-U such as addition, deletion, activation, and deactivation can inherit the operations from NR CA.

For dual connectivity, EN-DC and NR-NR DC can be used as a baseline respectively for ENU-DC and NNU-DC, according to [2]. Unlike licensed spectrum, considering the impact of the unlicensed spectrum, DFS and carrier selection will trigger SN operations. More considerations on SN operation should be discussed.

For SA and an NR cell with DL in unlicensed band and UL in licensed band, it should provide entire functions on both user plane and control plane.  For mobility management, the impact on cell selection, handover and etc. in unlicensed spectrum should be discussed. 

2.1 Measurement
In unlicensed spectrum, the measurement of channel should take in account interference level and channel access rate on a specific frequency.

In R13, RSSI and channel occupancy rate are introduced for carrier selection. The measurements for RSSI and channel occupancy rate evaluate the interference level and probability of being interfered. Thus, the measurements of RSSI and channel occupancy rate can be introduced in NR-U.

Additionally, periodic measurement report may not be enough to provide more timely and accurate channel condition report to support mobility in DC and Stand-alone NR-U scenarios. So event-triggered measurement report may be needed.

Proposal 1:  The measurements of RSSI and channel occupancy can be introduced for NR-U.
2.2 cell selection/reselection 

An UE in RRC_IDLE/RRC_INACTIVE performs cell selection and reselection. The cell (re)selection takes into account radio link quality, the cell status (i.e. whether a cell is barred or reserved), and priority of frequencies. Considering the different frequency for the unlicensed and licensed band, priority between frequencies in unlicensed and licensed band should be considered for NR-U to realize the selection between the unlicensed and licensed band.
RSRQ and RSRP is used to indicate signal quality of a cell, and RSSI and channel occupancy can be used to evaluate the interference of a cell in unlicensed band. For example, if RSRQ and RSRP are higher than some thresholds, and RSSI and channel occupancy is lower than some thresholds for a cell, then this cell can be a candidate cell. Therefore cell selection/reselection criteria in unlicensed band can take signal quality, RSSI and channel occupancy into account.
Proposal 2: Frequency priority, RSSI and channel occupancy can be taken into account as cell selection/reselection criteria for NR-U.
3.2 Handover 

Three types of NR-U and NR-U handover are discussed below: 

Case 1: intra-frequency handover between NR-U and NR-U.

At the cell edge, more contention UE will be easier to experience weak signal and lower channel access probability due to channel contention. At the same time, hidden nodes may cause high interference to UE for downlink reception. Under such circumstances, it is harder for UE to send measurement report or receive handover command to and from BS. This will result in too-late handover. In the consequence, UE may have to initiate RRC connection reestablishment procedure more frequently. In addition, data transmission recovery will be very time-consuming.
In order to minimize the delay and interruption during handover, the cooperation between the source and the target would be beneficial. Some mobility enhancements introduced in R14 such as RACH-less and makebeforebreak could be reconsidered for NR-U.

Case 2 inter-frequency handover between NR-U and NR-U.

Different from the intra-frequency handover, there is no contention between the source and the target cell. However, inter-frequency handover might occur more frequently due to DFS and carrier selection in unlicensed spectrum. 
Similar to intra-frequency handover, Too-late handover and delayed handover message exchange might still happen due to LBT. Some mobility enhancements are only applicable to intra-frequency handover so far. We should discuss some solutions to reduce inter-frequency handover latency and interruption on NR-U.
Case 3 handover between NR-U and NR.

Due to the seamless coverage of NR, handover between NR-U and NR could happen. The handover procedure in licensed spectrum can be ensured, but the data transmitted in unlicensed spectrum may suffer delays due to LBT.

In conclusion, some enhancements for NR-U should be considered. 

Proposal 3: Enhancements on the handover procedure for NR-U can be considered.

3.4 SN operation 

For NNU-DC and ENU-DC with the assistance from MN in licensed spectrum, the operation of SN in unlicensed spectrum can be accomplished similarly to EN-DC.
Due to DFS or carrier selection, SN operations such as SN change, SN modification and PSCell change may be initiated by SN more frequently. Some enhancements maybe need to be considered to accelerate the SN operations, For example, measurement report for unlicensed spectrum or IDC indication from UE can be reported to SN directly.
Observation 1: The existing schemes may support the mobility between NR-U and NR-U well, and possible enhancements can be considered if necessary.

3   Conclusion

In this contribution, we discuss some potential solutions and techniques for NR-U mobility management and have the following observations and proposals:

Proposal 1:  The measurements of RSSI and channel occupancy can be introduced for NR-U.
Proposal 2:  Frequency priority, RSSI and channel occupancy can be taken into account as cell selection/reselection criteria for NR-U.
Proposal 3: Enhancements on the handover procedure for NR-U can be considered.

Observation 1: The existing schemes may support the mobility between NR-U and NR-U well, and possible enhancements can be considered if necessary.
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