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1      Introduction
New WI “NR mobility enhancements” was approved in [1]. Conditional HO is one of solution to improve the robustness of handover. 
As discussed in [3], majority view is LTE agreements on are also applicable for NR. 
	1 CHO 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).

=>
FFS how to include the CHO conditions in UE configuration

4 The baseline operation for 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.

5 The baseline operation for Conditional HO assumes the source RAN remains responsible for RRC until UE successfully sends RRC Reconfiguration Complete message to target RAN. 

6 RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for 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.

7 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).


In this contribution, we discuss the details of the conditional handover. 
2      Discussion

Figure 2 shows conditional handover signaling flow where multiple potential target cells may trigger the UE to send measurement report. In conditional handover, a low threshold is configured to the UE to trigger early measurement reporting. After the source cell reserves the resource (prepares the target cell), the HO command will be sent to the UE along with a higher threshold configuration (this may be configured together with the low threshold). Multiple HO commands may be sent to the UE due to multiple potential target cell satisfying the low threshold. This results in multiple target cells preparation. Therefore, more signaling overhead in the air interface and X2 is incurred due to multiple measurement reports, target cells preparation and HO commands.
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Figure 2: Conditional handover with more than one potential target cells 
Conditional handover indeed enhances the handover failure by providing more reliable HO command delivery. The basic steps of the conditional HO can be as follows:

· Network configures a low threshold in measurement configuration along with the measurement event to the UE. (this is supported in legacy HO)

· The UE sends measurement report when the event is triggered. i.e. one or more cells satisfies the low threshold configuration. (this is supported in legacy HO)

· Serving cell sends early HO request to target to reserve resource to this UE. Signaling may include conditional HO request to see if target cell supports conditional HO. (this is currently not supported in legacy HO)

· Target cell sends either HO ack or reject to serving cell’s HO request based on support of conditional HO. In case of HO ack, signaling may include the following:

· RACH resource (contention free RACH premable), etc as in legacy HO command
· A timer to indicate how long the RACH resource can be vaild

· An offset to indicate when the UE should exit this conditional HO

· A HO execution threshold for conditional handover to excute

· TTT for this condition where the measurement has to satisfy the high threshold for TTT amount of time

· Serving cell forwards the HO command to the UE. 

· Some of the configuration may be configured by serving cell. This can be done either forwarding the configuration to target and having target generate the final HO command. (same as legacy HO)

· Alternatively, part of the HO command can be generated by serving cell .

· Once the UE receives the conditional HO command, the UE maintains connection with serving cell. 

· If the high threshold is satisfied with the configured target cell, the UE disconnects with serving cell. Then it performs RACH to target cell to complete the HO.

· If the timer expires in the HO command, the UE discards the HO command. Target cell releases the reserved resources for the UE. 

· If the exit condition satifies, the UE sends exit indication to the serving cell for the configured target cell, and serving cell indicates this to target. .  

· Target cell sends HO complete message to serving cell to indicate HO is completed. The serving cell sends resources release message to all other configured target cells so that they can release the resources holding for this UE. 

Proposal 1. RAN2 agree the above steps as baseline conditional handover procedure.

We list some key aspects of discussion for conditional handover as below:

Issue 1: The definition and signaling of HO execution threshold: can the threshold be pre-configured by source cell or can it be configured later either by source cell or by candidate target cell? 

For legacy handover, the HO execution threshold is network implementation, i.e. the network configures measurement events, and based on measurement results and handover algorithm, the source RAN decides whether HO is performed, and to which target cell. The same way can be used for conditional handover. For different frequency, cells, the threshold may be different. Therefore it would be good to configure it as per candidate cell configuration, and within the candidate cell configuration.

Proposal 2. HO execution threshold is decided by source cell as one of candidate cell configuration.

Issue 2 When does the UE exit the conditional handover? How can the network abort the conditional handover?

As discussed in [2], the network can abort the conditional handover by explict release or autonomous release by the UE based on pre-configured condition, e.g. timer based on channel condition based. Since these parameters are related to how long the candidate cell reserves the resources, it should be decided by candidate cell, or at least candidate cell should be able to change it’s mind, i.e. cancel the pre-configured resources.   

Proposal 3. The exit condition with resource release using explicit and/or implict signaling is decided by candidate cell itself. The candidate cell can cancel the pre-configued resources at any time. 

Issue 3: What resource can be reserved for conditional HO in the target cell?

The candicate cell has to reserve resources at least to allow the UE access the cell. Resources configured in legacy HO command can be used as baseline. 

Proposal 4. Resources configured in legacy HO command is used as baseline for reserved resources in candicate cell for conditional handover. 

Issue 4: Who generate conditional HO command? It could be same as traditional HO (target generate HO command), or source could generates HO command based on information from target.
Issue 5: When multiple HO commands are triggered, do they remain vaild or does the latest one override the previous one?

Issue 4 and 5 are related to how to support multiple HO commands, i.e. what structure is used for conditional handover command. The issue 5  is also related to whether UE can maintain multiple HO commands for multiple candidate cells and which one is selected.

We list some options as below:

Option 1: add/mod list + release list;

This option provides the full flexibility, i.e. the network can add/modify/release any candicate cell. In the lists, it could consist of:

· Reserved resources (as legacy handover command) generated by target;

· HO execution threshold (new) generated by source;

· Exit condition (new : timer or channel condition decided by candicate cell);

Note: FFS on whether all parameters are forwarded by target as container, or partially by source, partially by target; 

Option 2: only one list, and last one overrides the previousone;
There is limitation on this, i.e. the network has to provide all candidate cells in the same configuration. And the network has to provide all cells, even if the network only wants to add a new cell. In the both options above, UE can maintain multiple HO commands for the multiple candidate cells and uses the HO command for the cell whichever first satisfies the conditional HO execution condition. It is also possible that the source node provides the legacy HO command in which case UE can immediately execute the legacy HO command.

Proposal 5. Add/mod list + release list are used to configure multiple candicate cells from multiple target nodes. FFS on whether all parameters are forwarded by target as container, or partially by source, partially by target; 

Proposal 6. Legacy HO command should overide the CHO command, i.e. the UE should access the target cell indicated in legacy HO command immediately even if the execution condition is met for CHO; 

Issue 6: Handover failure: when to stop T310 and start T304? Upon expiry of T304/RLF, can UE prioritize prepared cell for re-establishment?

In legacy timer T310 and T312 are stopped and T304 is started when UE receives the HO command from source node. In conditional HO, the timer T310 and T312 can be stopped and timer T304 can be started each time the UE executes conditional handover for a target cell. But the UE should not stop T310/T312 and start T304 upon receiving CHO command.

Proposal 7. The timers T310 and T312 are only stopped and timer T304 is only started each time the UE executes conditional handover for a target cell.

Then RLF failure could occur before the CHO execution condition is satisfied. For this scenario, legacy reestablishment should be performed considering prepared target cell is not good enough. 

Proposal 8. Reestablishment is performed if RLF failure occurs before the CHO execution condition is satisfied.

Since RLF does not occur while timer T304 is running after the CHO execution, HO failure occurs when T304 expires. As in legacy, upon expiry of the timer T304, UE can revert back to the configuration used in the source PCell and initiates RRC connection reestablishment procedure. 

However, in conditional HO, there could be multiple prepared target cells and there can different optimizations.

1. UE chooses another prepared cell having UE context to send RRC connection reestablishment request.

2. UE chooses the best prepared target cell that satisfies the S criteria and directly send HO complete message.

The both optimization requires that source cell provide the UE context to the candidate cells. In addition, UE also needs to know the prepared cell has it’s UE context. Both options requires UE maintain valid multiple HO commands, i.e., the exit condition for the HO command has not been met yet. However, option # 2 is more power efficient as the target cell is already prepared.

Proposal 9. If UE has valid multiple HO commands, upon expiry of T304, UE considers to execute conditional handover for the best prepared target cell that satisfies the S criteria for cell selection.
If UE does not have valid multiple HO commands or the prepared cells do not satisfy the S criterial for cell selection, it is simple to follow the legacy procedure and select the suitable cell according to existing cell reselection rules to send the RRC reestablishment request. 

Proposal 10. If UE does not have valid multiple HO commands or the prepared cells do not satisfy the S criterial for cell selection UE follows the legacy procedure to send RRC reestablishment request upon expiry of T304.
However, if simultaneous connectivity is used together with conditional handover, UE would not need to initiate the RRC reestablishment procedure and it maintains the RRC connection with source node. But the details can be discussed once CHO and simultaneous connectivity is clear.
Issue 7: the details on CHO execution condition

Below 2 issues have been discussed in [3], which are common for LTE and NR:

· Ax event as CHO execution condition;

· Multiple trigger quantity for CHO execution condition; 

Based on company’s inputs, there is clear majority to reuse Ax events as CHO execution condition and most companies prefer A3/A5.  And also there is clear majority that trigger quantity for CHO execution condition(RSRP, RSRQ or RS-SINR) is configured by network. FFS on multiple quantities. 
Regarding multiple quantities, for legacy handover, the network can only configure different events for different trigger quantity. And the network can get measurement results based on different quantities from UE measurement reporting. The network can select target cell properly based on multiple measurement quantities, even if we do not support multiple quantities in measurement trigger condition. 

However for CHO execution condition, the decision is made by UE itself based on the condition configured by the network. If only one quantity is considered in CHO execution condition, the target cell may not the best one and HO failure/pingpong may happen. 

Proposal 11. Multiple quantities can be considered simultaneously for CHO execution condition(RSRP, RSRQ or RS-SINR), and is configured by network 
Another point to address is what the relationship between CHO execution condition and measurement configuration on the quantities. To our understanding, the UE should not be required to perform a new measurement quantity for CHO execution condition purpose only. For example, if both RSRP and RSRQ are configured to measure in RRM measurement configuration, it could be used as CHO execution condition, no matter simultaneously or not. If RSRQ is not configured for RRM measurements, it should also not be configured for CHO execution condition. 

Proposal 12. The quantities configured for CHO execution condition(RSRP, RSRQ or RS-SINR), should be same or subset of the quantities configured for RRM measurement.
3      Conclusion
The followings are proposed:
Proposal 1.
RAN2 agree the above steps as baseline conditional handover procedure.
Proposal 2.
HO execution threshold is decided by source cell as one of candidate cell configuration.
Proposal 3.
The exit condition with resource release using explicit and/or implict signaling is decided by candidate cell itself. The candidate cell can cancel the pre-configued resources at any time.
Proposal 4.
Resources configured in legacy HO command is used as baseline for reserved resources in candicate cell for conditional handover.
Proposal 5.
Add/mod list + release list are used to configure multiple candicate cells from multiple target nodes. FFS on whether all parameters are forwarded by target as container, or partially by source, partially by target;
Proposal 6.
Legacy HO command should overide the CHO command, i.e. the UE should access the target cell indicated in legacy HO command immediately even if the execution condition is met for CHO;
Proposal 7.
The timers T310 and T312 are only stopped and timer T304 is only started each time the UE executes conditional handover for a target cell.
Proposal 8.
Reestablishment is performed if RLF failure occurs before the CHO execution condition is satisfied.
Proposal 9.
If UE has valid multiple HO commands, upon expiry of T304, UE considers to execute conditional handover for the best prepared target cell that satisfies the S criteria for cell selection.
Proposal 10.
If UE does not have valid multiple HO commands or the prepared cells do not satisfy the S criterial for cell selection UE follows the legacy procedure to send RRC reestablishment request upon expiry of T304.
Proposal 11.
Multiple quantities can be considered simultaneously for CHO execution condition(RSRP, RSRQ or RS-SINR), and is configured by network
Proposal 12.
The quantities configured for CHO execution condition(RSRP, RSRQ or RS-SINR), should be same or subset of the quantities configured for RRM measurement.
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