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1. Introduction 
During RAN2#104, following were agreements for CHO.

Agreements

1
RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 

2
Usage of conditional handover is decided by network. UE evaluates when the condition is valid.

3.  Support configuration of one or more candidate cells for conditional handover.

FFS how many candidate cells (UE and network impacts should be clarified).

During RAN2#105, following were agreements for CHO.

Agreements

1: The baseline operation for E-UTRAN Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.

3: The baseline operation for E-UTRAN Conditional HO assumes the source eNB remains responsible for RRC until UE successfully sends RRC Connection Reconfiguration Complete message to target eNB. 

4: RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.

5: RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding). 

FFS how to include the CHO conditions in UE configuration

During RAN2#104, in order to improve LTE mobility robustness, conditional handover was considered as one possible solution and following are CHO agreements. In this paper, we discuss the details on CHO preparation, execution and completion procedures.  

2. Discussion 

2.1 Multiple target cell CHO preparation 
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. 
Observation 1. Conditional HO (CHO) command is sent earlier than a traditional HO command, i.e. even before the HO trigger conditions are met.
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.

Observation 2. The target cell to which the UE performs HO cannot be determined accurately when the conditional HO command is sent to the UE.
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. Below we discuss the changes to be supported for 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. 

During RAN2#104, It was “FFS how many candidate cells (UE and network impacts should be clarified)”.
In order to prepare multiple target cells during handover preparation phase, there is additional overhead signalling on X2 interface and multiple target cells need to reserve HO resources but providing multiple candidate target cells to UE in HO command will help to improve the HO reliability. i.e UE has more options to select a best target cell among multiple available candidate target cells and performs HO to one best target cell when CHO events are triggered. We need to have balance between X2 overhead signalling, multiple target cells reserving their resources and at the same allow flexible choice for UE to select and trigger CHO to a target cell. It is upto source cell to determine how many target cells to be prepared during HO preparation phase.  We think up to 3 candidate target cells is reasonable choice and source cell is free to select either 1 or 2 or 3 candidate target cells.

Observation 3. Providing more than one candidate target cell in Conditional HO command provides flexibility for UE to select best target cell for CHO execution

Proposal 1. RAN2 agree to support upto 3 candidate target cells for conditional handover in RRC Connection Reconfiguration Message.

During HO preparation phase, source eNB will request multiple X2 HO request messages to multiple target cells for HO preparation and each target cell will respond with X2 HO request ack including target cell HO resources. In legacy HO, target cell prepares RRC Connection Reconfiguration message and is transparently sent to UE via source eNB. In case of CHO, in order to avoid sending multiple RRC Connection Reconfiguration messages to UE (corresponding to different CHO target cells), it is more efficient for source eNB to bundle multiple target cells HO resources received in multiple X2 HO request ack messages and source eNB has to add CHO trigger criteria for multiple target cells in a single RRC Connection Reconfiguration message and send to UE (step3 in figure1 call flow). A new ConditionalHO IE is required in RRC Connection Reconfiguration message to indicate that this HO command is for CHO.
Proposal 2. Source eNB is responsible to combine multiple candidate target cell HO resources received from multiple target cells and add separate CHO trigger criteria for each target cell and send consolidated configuration to UE in a single RRC Connection Reconfiguration Message.
Proposal 3. Introduce a new IE ConditionalHO in RRC Connection Reconfiguration message to indicate that this message is for CHO
In legacy LTE HO, events A3, A4 and A5 are commonly used for triggering HO from source to target cell. For CHO, we think the same events can be used by source eNB as CHO trigger events for multiple CHO target cells.

Proposal 4. LTE Events A3, A4 and A5 can be used as CHO trigger criteria to perform CHO to suitable target cell. 

2.2 Source cell connection handling
As the CHO information sent in step 3 is only to inform the UE on when to trigger the CHO towards target cell but not to trigger a traditional HO, the UE should continue operating on the source cell connection without releasing the source connection (unlike traditional HO). Thus, to support operating on source cell connection, UE should continue RRM on source cell and support measurement report as per the source cell measurement configuration, UE should also continue with source cell RLM, SI update, page monitoring, CMAS, ETWS procedures and source cell DRB(s) and SRB(s) should remain active until CHO execution is triggered. 

Proposal 5. Upon UE receiving RRC Connection Reconfiguration message from source cell (CHO command), UE continues to keep source cell DRBs and SRBs until CHO to target cell is executed (i.e. until RACH is initiated or RRC Connection Reconfiguration Complete message transmission for RACH-less HO).

Proposal 6. UE continues with source cell RRM for measurements/reporting on source cell as per the serving cell configuration, RLM, Page monitoring, CMAS, ETWS procedures even after receiving the RRC Connection Reconfiguration (CHO command) until CHO to target cell is executed (i.e. until RACH is initiated or RRC Connection Reconfiguration Complete message transmission for RACH-less HO).

UE may send additional measurement reports on source cell even after receiving the CHO command. The source cell can modify the configuration for CHO and inform the UE to either modify or cancel the CHO configuration for the candidate target cells. Thus, UE needs to support receiving additional RRC messages on source cell even after receiving the CHO command and update the CHO configuration.

Proposal 7. UE supports receiving CHO configuration modifications (either to modify or cancel) from the source cell before executing CHO to the target cell and update the CHO configuration accordingly.

During RAN2#105, offline discussion 801, there was some discussion about how to support deconfiguration of CHO target cells. Both explicit deconfiguration and timer based implicit configuration support was discussed and there was no agreement. Using explicit deconfiguration, it allows source eNB to send updated RRC Connection Reconfiguration message to cancel or update/modify earlier provided CHO command and it provides flexibility for network to control CHO operation. At the same time, if goes into bad radio channel condition and fails to receive explicit deconfiguration or if network fails to send explicit deconfiguration due to network issues, it is not clear for UE how long CHO target cell resources (Ex: RACH resources, SRB/DRB resources) are valid and it causes ambiguity for UE. This UE ambiguity can be handled by specify timer based implicit deconfiguration in specification. Source eNB can provide validity timer or spec defined timer and this timer operates similar to T304 timer in legacy LTE HO. (i.e upon T304 expiry, target cell RACH and other resources are no more valid). Network is expected to handle new CHO implicit timer in similar way as how T304 timer is handled.

Thus, we propose to support both timer based implicit and RRC signalling based explicit deconfiguration of CHO. 
Proposal 8. For LTE Conditional HO procedure, adopt both explicit deconfiguration of the prepared CHO target cell(s), i.e. the source cell can release the previously provided CHO command by sending RRC connection reconfiguration message towards UE and timer based implicit deconfiguration (e.g. timer controlling the validity of preparation). 

Proposal 9. Upon timer expiry, if UE has not met with CHO criteria for any of the target cells then UE will release CHO configuration for target cells and continue with source cell connection.
2.3 CHO execution 
Upon receiving the CHO information at step 3, UE has to start monitoring the candidate target cells to determine if the CHO trigger events are satisfied in addition to performing RRM measurements on the source cell.
Proposal 10. UE evaluates the CHO trigger conditions for each candidate target cell upon receiving the CHO command, while operating on the source cell as per the source cell RRC configuration.

As multiple candidate target cells are configured for CHO, the UE should select one of the candidate target cells that meet the CHO conditions as the target cell for HO, if that is the best cell on the frequency.  As the candidate target cell RRC Reconfiguration messages are sent to the UE at step 3, UE already has the target cell information to perform RACH on the target cell without the need for another HO command from the source cell to receive this information. UE releases the source cell connection, releases the CHO configuration, performs RACH on target cell and transmits RRC Connection Reconfiguration complete message to the target cell as shown in steps 4, 5, 6 of the figure above. 
Proposal 11. When the candidate cell satisfying the CHO trigger condition is the best cell on the frequency, the UE selects the candidate cell as the target cell and performs HO execution with target cell using the target cell config received in the CHO command without waiting for another RRC Reconfiguration message to perform HO.

UE keeps the source cell configuration until UE initiates RACH towards target cell when CHO execution criteria is met. Until UE starts performing CHO towards a candidate target cell, UE is not expected to use CHO command provided target cell configuration.

Proposal 12. UE shall apply CHO command provided target cell configuration only when UE    starts performing RACH towards CHO target cell (i.e when a target cell meets CHO execution criteria)

Proposal 13.    Upon selecting the best cell for CHO and RACH to target cell is initiated, UE releases the source cell connection. 
Proposal 14.     Upon receiving HO command at step 3, if source eNB sends another RRC Connection Reconfiguration message to UE for legacy HO then UE should release CHO command received at step 3 and UE is expected to immediately perform legacy LTE HO based on last received HO command.

Proposal 15. After UE receiving CHO command from source eNB and if source eNB sends another HO command for legacy LTE HO purpose, then UE shall immediately perform legacy HO procedure and release CHO command configuration. Last received legacy HO command takes precedence over previously received CHO Command. 

2.4 CHO completion
During a traditional LTE HO, source cell stops data tx to the UE and initiates X2 SN Status Transfer towards target cell, data forwarding to the target cell after sending the HO command to the UE. However, in a CHO, the source cell does not know which candidate target cell the UE would choose as the target cell for HO execution. Thus, it is not feasible to initiate SN Status Transfer after the CHO command transmission. 

During a CHO, UE sends RRC Connection Reconfiguration complete message to the target cell on successful HO execution as shown in step 6. Upon receiving this message, the target cell can inform the source cell about the successful HO execution as shown in step 7. At this point, the source cell can stop data tx to the UE and initiate SN Status Transfer and data forwarding to the target cell. The source cell can also release the UE context at the other prepared target cells as shown in step 9. After receiving the SN Status Transfer, the target cell can perform path switch procedure and then release the UE context at the source cell similar to traditional HO.

Proposal 16. Upon receiving the CHO RRC Connection Reconfiguration complete message from the UE, the target cell informs the source cell about the successful CHO execution to trigger the SN Status Transfer and data forwarding from source cell to the target cell.

During RAN2#105, following agreements were made and RAN2 can send LS to RAN3.

4: RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.

5: RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding). 

CHO is mainly beneficial to improve HO reliability and many companies provided their simulation results showing HO robustness improvement. But CHO does not help to reduce HO interruption time close to 0ms and this can be accomplished by using eMBB HO with Dual stack dual active UEs [3]. In order to meet goals of both reduced HO interruption time close to 0ms and HO reliability/robustness, it is possible to combine both CHO and eMBB HO, which is further discussed in another paper [4].

2.5 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 in proposal 8) is not yet expired, based on UE implementation, optionally UE can initiate RACH towards another CHO target cell B if it 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. That means, upon UE failing to RACH to CHO target cell(s), UE can declare RLF and 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].
Proposal 17. 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 18. If RACH to a CHO target cell fails and based on UE implementation, optionally 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 19. Upon UE declaring RLF due to CHO failure, UE shall release CHO target cells configuration and UE configuration fallback to source cell configuration as specified for legacy LTE HO behaviour and perform legacy 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 20. 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 21. 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 22. 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 to improve HO robustness. 
Observation 1.
Conditional HO (CHO) command is sent earlier than a traditional HO command, i.e. even before the HO trigger conditions are met.

Observation 2.
The target cell to which the UE performs HO cannot be determined accurately when the conditional HO command is sent to the UE.

Observation 3.
Providing more than one candidate target cell in Conditional HO command provides flexibility for UE to select best target cell for CHO execution
 Proposal 1.
RAN2 agree to support upto 3 candidate target cells for conditional handover in RRC Connection Reconfiguration Message.

Proposal 2.
Source eNB is responsible to combine multiple candidate target cell HO resources received from multiple target cells and add separate CHO trigger criteria for each target cell and send consolidated configuration to UE in a single RRC Connection Reconfiguration Message.

Proposal 3.
Introduce a new IE ConditionalHO in RRC Connection Reconfiguration message to indicate that this message is for CHO

Proposal 4.
LTE Events A3, A4 and A5 can be used as CHO trigger criteria to perform CHO to suitable target cell.

Proposal 5.
Upon UE receiving RRC Connection Reconfiguration message from source cell (CHO command), UE continues to keep source cell DRBs and SRBs until CHO to target cell is executed (i.e. until RACH is initiated or RRC Connection Reconfiguration Complete message transmission for RACH-less HO).

Proposal 6.
UE continues with source cell RRM for measurements/reporting on source cell as per the serving cell configuration, RLM, Page monitoring, CMAS, ETWS procedures even after receiving the RRC Connection Reconfiguration (CHO command) until CHO to target cell is executed (i.e. until RACH is initiated or RRC Connection Reconfiguration Complete message transmission for RACH-less HO).

Proposal 7.
UE supports receiving CHO configuration modifications (either to modify or cancel) from the source cell before executing CHO to the target cell and update the CHO configuration accordingly.

Proposal 8.
For LTE Conditional HO procedure, adopt both explicit deconfiguration of the prepared CHO target cell(s), i.e. the source cell can release the previously provided CHO command by sending RRC connection reconfiguration message towards UE and timer based imlicit deconfiguration (e.g. timer controlling the validity of preparation).

Proposal 9.
Upon timer expiry, if UE has not met with CHO criteria for any of the target cells then UE will release CHO configuration for target cells and continue with source cell connection.

Proposal 10.
UE evaluates the CHO trigger conditions for each candidate target cell upon receiving the CHO command, while operating on the source cell as per the source cell RRC configuration.

Proposal 11.
When the candidate cell satisfying the CHO trigger condition is the best cell on the frequency, the UE selects the candidate cell as the target cell and performs HO execution with target cell using the target cell config received in the CHO command without waiting for another RRC Reconfiguration message to perform HO.

Proposal 12.
UE shall apply CHO command provided target cell configuration only when UE    starts performing RACH towards CHO target cell (i.e when a target cell meets CHO execution criteria)

Proposal 13.
Upon selecting the best cell for CHO and when RACH to target cell is initiated, UE releases the source cell connection.

Proposal 14.
Upon receiving HO command at step 3, if source eNB sends another RRC Connection Reconfiguration message to UE for legacy HO then UE should release CHO command received at step 3 and UE is expected to immediately perform legacy LTE HO based on last received HO command.

Proposal 15.
After UE receiving CHO command from source eNB and if source eNB sends another HO command for legacy LTE HO purpose, then UE shall immediately perform legacy HO procedure and release CHO command configuration. Last received legacy HO command takes precedence over previously received CHO Command.

Proposal 16.
Upon receiving the CHO RRC Connection Reconfiguration complete message from the UE, the target cell informs the source cell about the successful CHO execution to trigger the SN Status Transfer and data forwarding from source cell to the target cell.

Proposal 17.
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 18.
If RACH to a CHO target cell fails and based on UE implementation, optionally 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 19.
Upon UE declaring RLF due to CHO failure, UE shall release CHO target cells configuration and UE configuration fallback to source cell configuration as specified for legacy LTE HO behaviour and perform legacy RLF recovery procedure.

Proposal 20.
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 21.
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 22.
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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