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1. Introduction  

The basic principle of conditional HO is to send the HO command early, when the source link channel conditions are good, to reduce the HO Command delivery failure. To support this, the source cell may configure lower thresholds for Measurement reporting than the traditional HO thresholds. Thus, the UE will send a Measurement Report when the channel conditions of the source link are still good enough and receive a HO command early than a traditional HO command. 
As the measurement report thresholds are lower, UE may report multiple candidate target cells that meet the measurement reporting criteria. The source cell can select one or more than one of these candidate cells as the target cell. However, the channel conditions may vary before the UE performs handover to the target cell and thus the chosen cell may not be the best cell for HO. Thus, the source cell should support configuring multiple candidate target cells as conditional HO cells and configure the measurement thresholds/events on when to perform HO to the target cell. This allows the UE to switch to the target cell when it is time to HO without waiting for another HO command from the source cell.

Figure 1 below shows the signaling procedure to support conditional HO. CHO has three phases similar to traditional HO. However, there are multiple aspects of the HO procedures that are different for CHO compared to traditional HO. In our companion paper [6] we discussed the signalling enhancements required to support CHO.  
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Figure 1.LTE Conditional HO procedure

On receiving a measurement report from the UE, the source cell can decide to support CHO and thus prepare multiple candidate target cells as shown in step 2. The source cell also has to inform the UE on the conditions to trigger HO to each of the candidate target cells. 

In this paper, our discussion will mainly be focused on how to handle CHO failure scenarios.

2. CHO failure handling 

In legacy LTE HO, if UE fails to perform HO to target cell (due to RACH failure, target cell acquisition failure etc) and upon T304 timer expiry, UE declares RLF. Similarly, there is need to specify UE behaviour about how to handle CHO failure cases. 
When CHO execution criteria is met for at least one CHO target cell, UE initiates RACH towards target eNB. Upon target cell RACH failure to target cell A and if CHO implicit deconfiguration timer (as mentioned [6]) is not yet expired, based on UE implementation, UE is expected to initiate RACH towards another CHO target cell B if it UE meets CHO execution criteria. 

If RACH to other target cell B also fails and no alternate CHO candidate cell available meeting CHO criteria, then UE can declare RLF.  In CHO case, after receiving CHO command from source eNB, UE will not immediately attempt CHO towards target cell and it waits until CHO criteria is met and which could take much longer time than legacy LTE HO. So it may be difficult to specify T304 kind of timer for CHO for controlling CHO execution period. That means, upon UE failure to successfully execute RACH procedure to CHO target cell(s), UE will declare RLF and keeps CHO configuration. During RLF recovery procedure, if UE finds one of the configured CHO candidate cells meeting S-criteria then UE can directly send CHO completion command to CHO target cell by using CHO configuration instead of RLF recovery procedure. This allows CHO target cell to directly perform HO execution procedure instead of legacy RLF recovery procedure for this UE as this will help to speed up UE’s RRC connection re-establishment with low latency. During RLF recovery procedure, if UE finds any suitable cells other than CHO configured cells, then UE releases configuration of multiple CHO target cells received in RRC Connection Reconfiguration Message from source eNB and UE configuration falls back to source cell configuration and is similar to procedure specified in section 5.3.5.6 of RRC specification [5] and UE initiates legacy RRC connection re-establishment procedure.
Proposal 1. If HO to CHO target cell(s) fails (due to RACH failure) and no alternate CHO target cells meeting CHO criteria are available, then UE shall declare RLF.
Proposal 2. If RACH to a CHO target cell fails and based on UE implementation,  UE may attempt CHO to other suitable target cells (which meets configured CHO thresholds) as long as implicit deconfiguration timer is not expired and before UE declaring RLF.

Proposal 3. Upon UE declaring RLF due to CHO failure, if UE has valid CHO configuration and if UE finds CHO candidate cell (based on available RF conditions) meeting S criteria  during RLF recovery procedure then UE can directly send CHO completion message to CHO target cell. For any other cells found by UE meeting S-criteria, UE performs legacy RLF recovery mechanism. 
Proposal 4. Upon UE declaring RLF due to CHO failure, UE keeps CHO configuration and is released when UE finds cell(s) other than CHO candidate cells during RLF recovery procedure. 

Proposal 5. Upon UE declaring RLF due to CHO failure and if UE finds cell(s) other than CHO candidate cells then UE uses source cell configuration for RLF recovery procedure.
During CHO execution towards target cells, it is possible that multiple target cells meeting CHO execution criteria and what is UE expected behaviour in this scenario. In case where multiple candidate target cells meeting CHO criteria are all belonging to same target frequency, it should be left upto UE implementation to choose best possible target cell as candidate for CHO execution. As part of conditional HO command, optionally source eNB can also configure different priorities for different CHO target cells on different frequencies and this priority can be specified as function of target cell loading criteria and it can be left to NW implementation. Target cell priority information will help UE to priority CHO towards different target cells on different frequencies (only when multiple target cells on different frequencies meet CHO criteria at the same time).
Proposal 6. When multiple candidate target cells meet CHO execution criteria at same time and these target cells belong to same carrier frequency then it is left upto UE implementation to select best possible target cell for CHO execution.

Proposal 7. Source eNB has to optionally allocate priority for different candidate target cells when target cells belong to different HO frequencies to assist UE for prioritizing selection of CHO target cells when CHO criteria is met at same time for different candidate frequency cells. 

Proposal 8. If source eNB does not provide any priority for different candidate frequency cells, then it is left to UE implementation to select a suitable candidate target cell for CHO execution (i.e when multiple target cells meet CHO criteria at same time)
3. Conclusion 
In this contribution, we discussed various proposals for CHO failure recovery. 
 
Proposal 1.
If HO to CHO target cell(s) fails (due to RACH failure) and no alternate CHO target cells meeting CHO criteria are available, then UE shall declare RLF.
Proposal 2.
If RACH to a CHO target cell fails and based on UE implementation,  UE may attempt CHO to other suitable target cells (which meets configured CHO thresholds) as long as implicit deconfiguration timer is not expired and before UE declaring RLF.
Proposal 3.
Upon UE declaring RLF due to CHO failure, if UE has valid CHO configuration and if UE finds CHO candidate cell (based on available RF conditions) meeting S criteria  during RLF recovery procedure then UE can directly send CHO completion message to CHO target cell. For any other cells found by UE meeting S-criteria, UE performs legacy RLF recovery mechanism.
Proposal 4.
Upon UE declaring RLF due to CHO failure, UE keeps CHO configuration and is released when UE finds cell(s) other than CHO candidate cells during RLF recovery procedure.
Proposal 5.
Upon UE declaring RLF due to CHO failure and if UE finds cell(s) other than CHO candidate cells then UE uses source cell configuration for RLF recovery procedure.
Proposal 6.
When multiple candidate target cells meet CHO execution criteria at same time and these target cells belong to same carrier frequency then it is left upto UE implementation to select best possible target cell for CHO execution.
Proposal 7.
Source eNB has to optionally allocate priority for different candidate target cells when target cells belong to different HO frequencies to assist UE for prioritizing selection of CHO target cells when CHO criteria is met at same time for different candidate frequency cells.
Proposal 8.
If source eNB does not provide any priority for different candidate frequency cells, then it is left to UE implementation to select a suitable candidate target cell for CHO execution (i.e when multiple target cells meet CHO criteria at same time)
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