3GPP TSG-RAN WG2 Meeting #103
R2-1811451
Gothenburg, Sweden, 20th - 24th August 2018
Agenda Item:
11.2.2.2
Source:
InterDigital Inc.
Title:
Connectivity Supervision for NR-U
Document for:
Discussion, Decision

1 Introduction
A Study Item on NR-based access to unlicensed spectrum [1] was approved at RAN#75 with discussions started in RAN1#92. One of the objectives of the study listed in [1] includes mobility in connected/inactive/idle mode operation and radio-link monitoring/failure.

This contribution discusses challenges that arise in radio link monitoring (RLM),  radio link failure (RLF), and the handover (HO) framework for NR when operating in the unlicensed spectrum.

2 Radio Link Monitoring for NR-Unlicensed
In NR, the UE estimates the downlink radio link quality based on reference signals (RLM-RS) for the purpose of RLM. The lower layers are configured to periodically assess the radio link quality and transmits in-sync or out-of-sync indication to higher layers based on predefined Qin and Qout thresholds. The Qout threshold is defined as the level at which the downlink radio link cannot be reliably received and corresponds to 10% BLER (Block Error Rate) of a hypothetical PDCCH transmission. The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and corresponds to 2% BLER of a hypothetical PDCCH transmission.
2.1 Challenges for RLM in NR-U due to LBT

To enable fair co-existence with both 3GPP and non-3GPP (e.g. WiFi) devices operating in the unlicensed spectrum, a fair channel access procedure such as LBT should be performed prior to transmission. In the event the channel is occupied during a clear channel assessment (CCA), the LBT may be declared unsuccessful and the device may be prevented from transmission. The possibility of LBT failure introduces uncertainty in the gNB’s ability to periodically transmit RLM-RS signals, and may lead to a dropped transmission.
The UE might treat the absence of RLM-RS as a OOS condition as it cannot determine whether the observed value is due to channel link degradation or network LBT failure, leading to unnecessary service interruption (i.e. RLF). Configuring the UE with a more aggressive T310 and/or N310 value will allow the UE to recover more rapidly from such an event, however may lead to unnecessary RLF. Such behaviour is undesirable as the UE may end up re-establishing to the same cell given that channel quality may not be the issue. Thus resulting in interruptions, data loss and unnecessary signalling. This problem is compounded during busy channel conditions, where a large number of UEs might trigger re-establishment, causing a signalling storm on the network. 

Observation 1: 
The UE may unnecessarily detect radio link problem due to a channel being busy in a loaded channel when configured with a small value for T310 and/or for N310.
The network could avoid such a scenario by configuring higher values for T310 and/or N310 than a licensed carrier. However, in the event that the observed value was due to channel link degradation, such modification will lead to a longer service interruption than for NR licensed. 
Observation 2:
Large values for T310 and/or for N310 may led to service interruption time that are longer than for NR operation a licensed band.
When considering the additional latency, signal overhead and unnecessary interruptions introduced by unlicensed channel access, the UE connectivity may degrade when compared to NR licensed.

Proposal 1:
The performance of RLM for NR-U deployments should be on par with NR licensed.
In LTE unlicensed, channels are accessed using license assisted operation. Therefore, RLM is performed on a licensed cell and no mechanisms are required to handle poor channel access. Furthermore, as discussed above, the NR mechanisms available alone may be insufficient to adequately address the impact of LBT in RLM for all NR-U scenarios under consideration.
Proposal 2:
NR-U supports enhancements to ensure efficient RLM operation.
2.2 Challenges for Mobility in NR-U due to LBT
Similar challenges arise for mobility in NR-U, where the inability to transmit the measurement report in the UL, or to receive the HO command in the DL due to LBT failure may affect UE connectivity. LBT may thus lead to an increase in handover failure (HOF) rate. In RAN2#96, it was agreed to study the possibility of a UE executed handover based on the triggering of a condition configured by the gNB. This allows the UE a level of autonomy in the execution of HO commands. UE autonomous determination of when to execute a pre-configured handover command, possibly based on network-configured criteria, can mitigate the impact of LBT on the HOF rate. This is because it helps reducing the total number of required LBT processes, the risk of LBT failure and thus the reliance of the HO success on the positive outcome of LBT. In addition to increasing the reliability of the HO procedure, it may also provide latency benefits.  
Observation 3: 
Conditional HO may be best motivated by environments where the network may not have complete control over channel access, and where configuration of RLM / mobility may not be sufficient to perform on par with a typical licensed deployment.
Proposal 3:
HO performance in NR-U standalone deployments should be on par with NR licensed.
Proposal 4:

Conditional HO should be included in the NR-U SI.
3 Conclusion
This contribution has discussed the challenges associated with RLM and mobility in the operation of NR in the unlicensed spectrum. The following observations are made:
Observation 1: 
The UE may unnecessarily detect radio link problem due to a channel being busy in a loaded channel when configured with a small value for T310 and/or for N310.
Observation 2:
Large values for T310 and/or for N310 may led to service interruption time that are longer than for NR operation a licensed band.
Observation 3: 
Conditional HO may be best motivated by environments where the network may not have complete control over channel access, and where configuration of RLM / mobility may not be sufficient to perform on par with a typical licensed deployment.
Based on the discussion in section 2, we propose the following:

Proposal 1:
The performance of RLM for NR-U deployments should be on par with NR licensed.
Proposal 2:
NR-U supports enhancements to ensure efficient RLM operation.
Proposal 3:
HO performance in NR-U standalone deployments should be on par with NR licensed.

Proposal 4:

Conditional HO should be included in the NR-U SI.
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