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1 Introduction

A study Item on NR-based access to unlicensed spectrum [1] was approved at RAN#75 and discussions started in RAN1#92. In RAN2#AH1807 [2], initial TR structure for RAN2 aspects in 38.889 are agreed as follows:
2.1
Inactive and Idle procedures (38.304 related)

2.2
L2 impacts


2.2.1 RACH (4 step, 2 step)


2.2.2 MAC (except RACH)


2.2.3 Other

2.3 RRC Impacts


2.3.1 RLM/RLF and Mobility (conn mode)

2.3.2
Other
In this contribution we discuss implications of applying NR baseline handover to NR-U, propose enhancements and possible areas to investigate. 

2 Mobility for NR-U 
2.1 Issues with NR baseline handover in NR-U
When using licensed spectrum, the gNB has complete control over the access to the medium. However, in unlicensed spectrum, the access to the medium is not guaranteed even for gNB. Such non-deterministic access to the medium creates issues in mobility procedures that are sensitive to delay. 
In the following examples, we show the impact of NR baseline handover when applied to NR-U and how it may result in increased handover failures.
In a first example, the UE is unable to acquire the channel in time to transmit measurement report or unable  to request resources for transmission of measurement report due to LBT failure. This introduces delay in the transmission of measurement report, which is undesirable particularly if those measurement reports correspond to neighbor cell being better than serving cell or any other event that potentially triggers handover command from the network. Such delay in transmission of measurement report may result in UE losing the serving cell connection and triggering radio link failure. 
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Figure 1 Channel unavailability during measurement reporting
In a second example, the UE has successfully transmitted measurement report, but the gNB is not able to acquire the channel in time to transmit handover command to the UE. Similar to first example, delays in transmission of handover command may result in UE losing the serving cell connection and triggering radio link failure.
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Figure 2 Channel unavailability during handover command transmission

Observation 1:
Mobility procedure in NR-U may incur arbitrary delay due to uncertainty in channel availability.
Observation 2:
Since baseline handover was not designed for non-deterministic channel availability, it may not provide same handover performance in NR-U compared to NR.
Proposal 1:
NR-U supports an enhanced mobility procedure that achieves same performance as NR.
During R15 NR, solutions to improve the improve robustness and reliability of mobility procedure were discussed. The key issue was that a rapid degradation in serving cell quality resulted in loss of handover command from the network, especially if beamforming is applied and/or if high UE mobility is considered. The root cause seems to be the implicit coupling between the timing of handover command reception and handover execution by the UE. One solution direction that was discussed is conditional handover, i.e. the network configures a UE on ‘how’ to detect an impairment event (e.g. trigger condition for handover event) and ‘what’ corrective action to perform (e.g. reconfiguration with sync), whereas the UE determines ‘when’ to apply the reconfiguration based on occurrence of such impairment event. But due to lack of time the mobility enhancement work was postponed to R16.
The conditional handover is even more relevant for NR-U mobility, as NR-U mobility procedure has to overcome two main obstacles which degrade the mobility performance:

1) Rapid degradation of serving cell quality, e.g. due to beamforming and/or fast UE mobility

2) Temporary unavailability of the channel due to LBT failure.

Both the above cases lead to RLF, if the UE cannot transmit measurement report in time or handover command cannot be received in time.

Conditional handover provides an elegant solution to both the above problems by providing a means for the UE (‘under prior guidance of the network’) to react to impairment events when communication with the network is not possible either due to poor serving cell quality or due to high channel load.
Observation 3:
Shortcomings of baseline mobility procedure can be addressed by allowing network configured UE action during periods when communication between UE and network is not possible.
Proposal 2:
In addition to baseline handover, NR-U supports handover triggered by a condition configured by the network.
Proposal 3:
For a handover command configured with a trigger condition, the UE to applies the handover command only when the trigger condition is satisfied.
2.2 Triggers for conditional handover in NR-U

One of the important components of conditional handover functionality is the configuration of trigger conditions. As discussed in 2.1, conditional handover was discussed in various contexts e.g. for increasing reliability of baseline NR handover, to overcome mobility challenges in NR-U etc. The framework to configure trigger conditions for conditional handover should be flexible enough to define various impairment conditions, across various handover scenarios (e.g. between NR-U cells, between NR-U and NR, between NR-U and LTE etc).  Following NR design principles, the conditional handover should be forward compatible so that additional trigger conditions can be introduced in the future. 

The baseline mobility procedure relies on the UE measurement report which is triggered based on measurement events.  For the purpose of measurement reporting, NR defines events A1-A6 which are similar to LTE with some enhancements to support beamforming. In [2], it was agreed that the NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline for NR-U. It is then natural to assume that the measurement events A1-A6 be the starting point for defining trigger conditions for conditional handover in NR-U. 
Proposal 4:
Measurement events (A1-A6) defined for baseline NR is the starting point to define cell quality based trigger conditions for conditional handover. 
In order for baseline handover and conditional handover to coexist, it should be possible for the network to configure trigger conditions such that conditional handover is only triggered when the baseline handover cannot be carried out. For example, the UE can be configured to transmit measurement report corresponding to a measurement event (e.g. A3) to enable baseline handover procedure. If the UE cannot transmit measurement report successfully within a preconfigured time period and if a valid conditional handover exists, only then the UE may trigger conditional handover. 

Proposal 5:
Consider conditional handover trigger based on failure to transmit measurement report within a time period.
It is important to ensure that the trigger conditions capture any or all the impairments to the UE operation in a reliable manner, since the main motivation of conditional handover is to improve the robustness of mobility procedure. The trigger conditions based on RS measurements alone may not be sufficient for NR-U deployments. For example, during high channel load conditions the gNB may not acquire the channel consistently, resulting in reduced transmission opportunities for one or more RS associated with mobility measurements. Thus the reliability of measurement results may be affected and may create unnecessary handover events. In another example, UL and DL transmissions may face unequal interferences possibly due to beamforming. So the RS measurements may indicate good cell quality, but the UE cannot access the channel due to heavy contention. It is also important that UE triggers handover towards a target cell selected not only based on channel quality (e.g. RS measurements), but also based on channel occupancy (e.g. RSSI measurements). Thus in NR-U it should be possible to define trigger conditions based on channel occupancy measurements.
Proposal 6:
Consider conditional handover trigger based on channel occupancy associated with serving and/or neighbour frequency. 
In the baseline mobility procedure, UE triggers RLF in the case that network controlled mobility is no longer possible. But conditional handover mechanism enables network to preconfigure UE behaviour when a critical error conditions occurs. So conditional handover can be exploited to reduce the occurrence of RLF as much as possible. During high load conditions, the UE may trigger RLF due to random access problem when a maximum number of preamble transmissions/transmission attempts are exceeded. The UE may then re-establish to a different cell on the same unlicensed frequency, without considering the channel occupancy in that frequency. In order to avoid this, it may be desirable to configure a trigger condition such that excessive LBT failures should result in a conditional handover to a different unlicensed carrier or to a licensed carrier, if available. 

Proposal 7:
Consider conditional handover trigger when a maximum number of LBT failures are reached. 
3 Conclusion

In this contribution the following observations and proposals were made on mobility for NR-U:

Observation 1:
Mobility procedure in NR-U may incur arbitrary delay due to uncertainty in channel availability.
Observation 2:
Since baseline handover was not designed for non-deterministic channel availability, it may not provide same handover performance in NR-U compared to NR.
Observation 3:
Shortcomings of baseline mobility procedure can be addressed by allowing network configured UE action during periods when communication between UE and network is not possible.

Proposal 1:
NR-U supports an enhanced mobility procedure that achieves same performance as NR.
Proposal 2:
In addition to baseline handover, NR-U supports handover triggered by a condition configured by the network.

Proposal 3:
For a handover command configured with a trigger condition, the UE to applies the handover command only when the trigger condition is satisfied.
Proposal 4:
Measurement events (A1-A6) defined for baseline NR is the starting point to define cell quality based trigger conditions for conditional handover. 

Proposal 5:
Consider conditional handover trigger based on failure to transmit measurement report within a time period.
Proposal 6:
Consider conditional handover trigger based on channel occupancy associated with serving and/or neighbour frequency. 
Proposal 7:
Consider conditional handover trigger when a maximum number of LBT failures are reached. 
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