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1. Introduction
For NR Mobility enhancements, one of the objectives is to study solutions to improve HO/SCG change reliability and robustness, focusing on conditional handover and fast failure recovery [1]. It has been agreed to introduce conditional handover in NR. In this contribution, we try to give some discussion on the fast failure recovery in NR, with the utilisation of the configured CHO candidates.
2. [bookmark: OLE_LINK1]Discussion
In NR, the UE would initiate the RRC connection re-establishment procedure when one of the following conditions is met:
1>	upon detecting radio link failure of the MCG;
1>	upon re-configuration with sync failure of the MCG;
1>	upon mobility from NR failure;
1>	upon integrity check failure indication from lower layers concerning SRB1 or SRB2, except if the integrity check failure is detected on the RRCReestablishment message;
1>	upon an RRC connection reconfiguration failure, i.e. inability to comply with RRCReconfiguration;
Upon initiating the procedure, the UE performs cell selection (including reading MIB&SIB1) and re-establishes the RRC connection with the selected cell. The RRC connection can be successfully re-established only if the selected cell is prepared (with the valid UE context), or the network is able to fetch the valid UE context from the source cell. Besides, it’s a common understanding that the whole RRC connection re-establishment procedure would result in large user plan interruption.
Observation 1: The RRC connection re-establishment can succeed only if the selected cell is prepared (with the valid UE context), or the network is able to fetch the valid UE context from the source cell.
Observation 2: The RRC connection re-establishment procedure would result in large user plan interruption.
It has been agreed at RAN2#105bis to introduce conditional handover (CHO) in NR. The basic rationale of CHO is to decouple the handover preparation and handover execution procedure. The CHO candidate configurations are pre-configured to the UE when the source quality is still good enough. The UE keeps connection with the source cell and accesses a CHO candidate when the relevant condition is fulfilled. Obviously, the CHO candidate cells are prepared cells which the UE would most probably moves to. So given that, if any of the five listed conditions to trigger the RRC connection re-establishment is met, we propose to consider the stored CHO candidate cells in priority.
Proposal 1: The CHO candidate cells should be considered in priority when any of the following five failure events happens:
· upon detecting radio link failure of the MCG;
· upon re-configuration with sync failure of the MCG;
· upon mobility from NR failure;
· upon integrity check failure concerning SRB1 or SRB2;
· upon an RRC connection reconfiguration failure, i.e. inability to comply with RRCReconfiguration;
In the current, when any of the five failure events happens, the UE initiates a RRC connection re-establishment procedure immediately, which would have a big impact on the user plane interruption. To reduce the user plane interruption, when any of the failure events happens and the UE has valid CHO candidate cells, the UE can evaluate the CHO candidate cells first instead of initiating the RRC connection re-establishment first. Then the question is how does the UE evaluates the CHO candidates, e.g. select a CHO candidate cell fulfilling the relevant CHO execution condition(s) or select a CHO candidate based on a cell selection procedure (e.g. just like what we do during the RRC connection re-establishment)?
A). Select a CHO candidate cell fulfilling the relevant CHO execution condition(s)
Per agreement at RAN2#105, Ax events (entry condition) are used for CHO execution condition and A3/5 as baseline. Typically, the evaluation of Ax events would take a relative long time (e.g. applying L3 filtering). So situation may be that the UE can’t find any single CHO candidate cell which fulfills the CHO execution condition in a long time. In this way, unexpected user data interruption occurs.
B). Select a CHO candidate based on a cell selection procedure
When performing cell selection, the UE is required to acquire MIB and SIB1 from the candidate cell(s). In NR, MIB is transmitted with a periodicity of 80ms and SIB1 is transmitted with a periodicity of 160ms. The MIB/SIB1 acquisition is timing consuming, which would result in extra user data interruption.
Observation 3: There would be longer user data interruption if after a failure event, the UE evaluates the CHO candidates according to the CHO execution condition(s) or based on a cell selection procedure.
To conquer the issue, when configuring the CHO candidate cell(s), the network can configure a recovery criteria at the same time. The recovery criteria can simply be a threshold as what we provided in the system information for cell selection/re-selection. A CHO candidate cell can be considered as a recovery target when the relevant criteria is met, e.g. the measured quality > threshold, without the applying of L3 filtering.
Proposal 2: When configuring the CHO candidate cell(s), configure also a recovery criteria for the purpose of candidate cell selection when any of the five failure events happens.
Proposal 3: A CHO candidate cell is considered as a recovery target when the relevant criteria is met.
Besides, in the current, upon selecting a suitable NR cell, the UE performs the RRC connection re-establishment with the target cell. While here, in case the UE selects a CHO candidate cell which has been prepared in the network as a handover target, we see no reason why can’t the UE perform handover instead of re-establishment?
Proposal 4: The UE handover to the candidate cell that fulfills the recovery criteria instead of initiating the RRC connection re-establishment.
Given the above, in case the UE initiating handover to a CHO candidate cell after any of the five listed failure events happens, is it necessary to control the recovery procedure by a timer? And if yes, whether to introduce a new timer or reusing timer T304? In our opinion, of course the procedure should be controlled by a timer. And timer T304 can be reused for simplicity, i.e. the UE starts timer T304 once the handover procedure is initiated.
Proposal 5: Start timer T304 when the UE initiating handover to a CHO candidate cell after any of the five failure events happens.
One more question is what if the handover recovery attempt to a CHO candidate cell fails? Possible solutions can be:
A) . Try to find another qualified CHO candidate(i.e. CHO candidate cell fulfilling the recovery criteria) and initiate another handover recovery attempt;  
B) . Initiate RRC connection re-establishment;
C) . Go to RRC_IDLE;
The intention of option A) is to recover the connection via the CHO candidate cells as much as possible. However, in case the UE can’t find another qualified CHO candidate, there would be longer user plane interruption. And the UE should fallback to option B) or option C) anyway in this case. While for option C), the UE goes to RRC_IDLE directly. Then the RRC connection can be recovered only via NAS recovery, which would cause much longer service interruption in this case. Given that, option B) is preferred.
Proposal 6: Initiate RRC connection re-establishment if the handover recovery attempt to a CHO candidate cell fails.
3. Conclusion and proposals
In this contribution, we share some views on the fast failure recovery in NR, with the following observations and proposals:
Observation 1: The RRC connection re-establishment can succeed only if the selected cell is prepared (with the valid UE context), or the network is able to fetch the valid UE context from the source cell.
Observation 2: The RRC connection re-establishment procedure would result in large user plan interruption.
Proposal 1: The CHO candidate cells should be considered in priority when any of the following five failure events happens:
· upon detecting radio link failure of the MCG;
· upon re-configuration with sync failure of the MCG;
· upon mobility from NR failure;
· upon integrity check failure concerning SRB1 or SRB2;
· upon an RRC connection reconfiguration failure, i.e. inability to comply with RRCReconfiguration;
Observation 3: There would be longer user data interruption if after a failure event, the UE evaluates the CHO candidates according to the CHO execution condition(s) or based on a cell selection procedure.
Proposal 2: When configuring the CHO candidate cell(s), configure also a recovery criteria for the purpose of candidate cell selection when any of the five failure events happen.
Proposal 3: A CHO candidate cell is considered as a recovery target when the relevant criteria is met.
Proposal 4: The UE handover to the candidate cell that fulfills the recovery criteria instead of initiating the RRC connection re-establishment.
Proposal 5: Start timer T304 when the UE initiating handover to a CHO candidate cell after any of the five failure events happens.
Proposal 6: Initiate RRC connection re-establishment if the handover recovery attempt to a CHO candidate cell fails.
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