
3GPP TSG-RAN WG2 Meeting #106
R2-1906565=R2-1906566
Reno, USA, 13th-17th May 2019

Agenda Item:

11.9.3.1 &
12.3.3.1
Source:



ETRI

Title:




FFS in Execution Phase of CHO
Document for:

Discussion and Decision
1. Introduction 
A list of FFSs in Conditional Handover (CHO) in RAN2#105bis meeting [1] follows as below:

In LTE_feMob WI, 
FFS_LTE#1: who decides the triggering conditions (source, target or source+target)

FFS_LTE#2: on transparent containers
FFS_LTE#3: on the Stage-3 details

FFS_LTE#4: which Ax events can be used

FFS_LTE#5: how “CHO cmd” is formulated in Stage-3 signalling 

FFS_LTE#6: whether UE continues to receive source cell while executing CHO cmd 

FFS_LTE#7: what UE does if it receives HO cmd while executing CHO cmd 

FFS_LTE#8: what UE does if NW removes CHO cmd while executing the same CHO cmd 

FFS_LTE#9: whether UE stores CHO commands in failure cases
FFS_LTE#10: whether CHO candidates can be released via other means
In NR_Mob_enh WI, 
FFS_NR#1: how many candidate cells (UE and network impacts should be clarified).

FFS_NR#2: how to include the CHO conditions in UE configuration
FFS_NR#3: on whether beam quality is used as input for CHO execution condition.
FFS_NR#4: CSI-RS, use of more than one RS type

FFS_NR#5: on other events
FFS_NR#6: on multiple quantities

FFS_NR#7: Enhancements to the above CHO framework to specifically address usage in FR2 (e.g. address high number of handovers, RLFs, etc)
In this contribution, we discuss FFSs (highlighed in green) in execution phase of the CHO. In our companion paper [2], we discuss FFSs (highlighed in yellow) in preparation phase of the CHO. The remaining FFSs can be discussed in stage 3. 

2. Discussion
FFS_LTE#6: whether UE continues to receive source cell while executing CHO cmd 

In [105bis#34][LTE] Stage-2 CR for feMOB email discussion [3], RAN2 discussed and captured current agreements for LTE mobility in Stage-2 CR. The running CR says,

8. 
UE maintains connection with source eNB after receiving CHO configuration, and starts to evaluate the CHO triggering conditions for the candidate target cell(s). If at least one CHO target cell satisfies the corresponding CHO triggering condition, the UE detaches from the source eNB, applies corresponding configuration for that target cell and synchronises to the target eNB.

<skipped>

Editor’s note: FFS whether the procedure can be combined with ‘simultaneous connectivity handover’.
The CHO can be easily combined with MBB and therefore, many companies proposed the combination of MBB and CHO to reduce interruption time and improve reliability and robustness [4]. The UE detaches from the source cell at different time depending on whether MBB is configured or not.
Proposal 1: The UE detaches from the source cell in the CHO:
- If only CHO configured, after starting the CHO execution;

- If CHO and MBB with no simultaneous transmission/reception configured, when the UE executes initial uplink transmission to the target cell;

- If CHO and MBB with simultaneous transmission/reception configured, when the UE releases the source cell after successfully sending HO Complete to the target cell.

FFS_LTE#7: what UE does if it receives HO cmd while executing CHO cmd
In RAN2#105 meeting, RAN2 agreed that 

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.
And in RAN2#105bis meeting, RAN2 agreed that 

Conventional handover overrides any configured conditional handover command
The source eNB/gNB can send a conventional HO command whenever it decides the HO. However, there are many problems if the source eNB/gNB sends a conventional HO command to the UE after starting the CHO execution.

If only CHO configured, the UE cannot receive the conventional HO command after starting the CHO execution. If CHO and MBB with no simultaneous transmission/reception configured, the UE cannot receive the conventional HO command after the UE executes initial uplink transmission to the target cell. Therefore, the UE performs CHO execution to CHO target cell (e.g., cell A) decided by the UE. Then if a target cell (e.g., cell B) decided by the source eNB/gNB is not the same cell as cell A, there can be two options. In one option, the source eNB/gNB can interrupt the CHO and trigger another HO from cell A to cell B. It can lead to the increased interruption time. In another option, the source eNB/gNB doesn’t interrupt the CHO and stops data forwarding to cell B and starts data forwarding to cell A. It can cause the waste of X2/Xn resources, but it is better than the first option from a QoS point of view. Eventually, this comes to the same result as if the UE ignores the conventional HO command even if the UE receives it after starting the CHO execution.
Observation 1: If only CHO configured or CHO and MBB with no simultaneous transmission/reception configured, the UE cannot receive the conventional HO command while perfoming CHO execution.

If CHO and MBB with simultaneous transmission/reception configured, the UE can receive the conventional HO command after starting the CHO execution until the UE successfully sends HO Complete to target eNB/gNB. This leads to the race condition in HO execution. There are two options to resolve the race condition in HO execution. In one option, the UE ignores the conventional HO command when the UE receives it after starting the CHO execution as discussed above. This option is consistent and simple. In another option, the UE revokes the CHO execution and performs HO execution based on the conventional HO command. The second option is more complex than the first option.
Observation 2: If CHO and MBB with simultaneous transmission/reception configured, the UE can receive the conventional HO command while perfoming CHO execution.

Proposal 2: RAN2 is requested to discuss two options to resolve the race condition in HO execution:
- Option 1: the UE ignores the conventional HO command after starting the CHO execution
- Option 2: the UE revokes the CHO execution and performs HO execution.
However, before we make a decision, we need to discuss why the race condition could occur. It is because the network cannot know the exact timing of CHO execution. If the network can know the exact timing of CHO execution, the source eNB/gNB can send a conventional HO command only before the timing or stop an HO decition after the timing, therefore, there is no race condition. In RAN2#105bis meeting, many companies proposed an explicit indication from the UE (e.g., HO Indication or “bye”) to inform the source eNB/gNB of triggering CHO execution to reduce service interruption time and simplify data forwarding [5], [6], [7], [8], [9], [10], [11], [12]. Also the explicit indication let the source eNB/gNB know the exact timing of CHO execution. Therefore, the explicit indication can be used to prevent the race condition in HO execution from occurring, as well.
FFS_LTE#8: what UE does if NW removes CHO cmd while executing the same CHO cmd

This is another race condition between CHO execution and deconfiguration. With introduction of the explicit indication, the explicit indication can be used to prevent the race condition between CHO execution and deconfiguration from occurring, as well. The source eNB/gNB can send a deconfiguration only before the CHO execution. In addition, after starting the CHO execution, if the source eNB/gNB receives a deconfiguration request from the target eNB/gNB, the source eNB/gNB can reject the request.
The main motivation of CHO deconfiguration is for network to control the resources efficiently. There are two approaches to control the resource efficiently [12], [13]. In the first way, the network can decide to reserve the resources strictly (e.g., including dedicated resource reservation) for the CHO UE at HO preparation phase. The target cell may decide to revoke previously assigned resources for efficient resource control and send a deconfiguration request to the source cell. In the second way, the network can use a more relaxed reservation for the CHO UE at HO preparation phase and decide to reserve the resources strictly just before starting the CHO execution. The second way can control the dedicated resources more efficient than the first way. Also, the deconfiguration is rarely needed in the second way. Therefore, the second way can reduce the signalling overhead for deconfiguration. With introduction of the explicit indication, the explicit indication can be used to help to reserve the resources strictly just before starting the CHO execution, as well.
Proposal 3: The UE sends an explicit indication to inform the source eNB/eNB of triggering CHO execution:

- to reduce service interruption time and simplify data forwarding;

- to prevent the race condition between CHO execution and HO execution from occurring;

- to prevent the race condition between CHO execution and deconfiguration from occurring;

- to help to reserve the resources strictly just before starting the CHO execution.
FFS_LTE#9: whether UE stores CHO commands in failure cases

First, RAN2 need to define what is a handover failure in the CHO. As the legacy handover, the expiry of the T304 can be used to determine the handover failure in the CHO [14], [15], [16]. In the legacy handover, T304 starts on “Reception of RRCConnectionReconfiguration message including the MobilityControlInfo” and this event means the same as the UE initiates the handover execution. As the legacy handover, T304 starts when the UE initiates the handover execution in CHO, and this event can be when the configured CHO execution condition is met. 
Proposal 4: T304 starts when the UE initiates the handover execution and the expiry of the T304 can be used to determine the handover failure in the CHO.
Next, RAN2 need consider a cell selection mechanism of the UE for CHO execution or re-establishment after the handover failure. If the UE is configured with multiple candidate cells and the configured CHO execution events are met at the same time, the UE can select the target cell for the handover execution based on the cell level qualities basically. There are some criteria other than cell level quality proposed. The source cell optionally allocate a priority for different candidate cells to control the UE’s cell selection. In NR, the beam level quality can be used as an auxiliary information when cell level qualities of multiple candidate cells are deemed similar. 
Proposal 5: The configured CHO execution events for multiple candidate cells are met at the same time, the UE can select the target cell for the handover execution based on the cell level qualities basically. FFS on other criteria (e.g., priority configured by the network, the beam level quality).
If the access to the selected target cell fails, the UE can try to access to another candidate cell if the configured CHO execution events for that cell are met.
Proposal 6: If the access to the target cell fails, the UE can try to access to another candidate cell if the configured CHO execution events for that cell are met.
Upon T304 expiry, the UE can select a cell which has a CHO configuration, then the UE can try to access to the cell using configured CHO configuration instead of re-establishment. If the UE select a cell with no CHO configuration, the UE performs re-establishment procedure. Therefore, it is reasonable that the UE releases the configured CHO configurations after successful HO completion or initiation of re-establishment.
Proposal 7: Upon T304 expiry and if the UE selects a cell which has a CHO configuration, then the UE can try to access to the cell using configured CHO configuration instead of re-establishment.
Proposal 8: The UE releases the configured CHO configurations after successful HO completion or initiation of re-establishment.
3. Conclusion
Observation 1: If only CHO configured or CHO and MBB with no simultaneous transmission/reception configured, the UE cannot receive the conventional HO command while perfoming CHO execution.

Observation 2: If CHO and MBB with simultaneous transmission/reception configured, the UE can receive the conventional HO command while perfoming CHO execution.

Based on the discussion in Section 2, we propose the following:

Proposal 1: The UE detaches from the source cell in the CHO:
- If only CHO configured, after starting the CHO execution;

- If CHO and MBB with no simultaneous transmission/reception configured, when the UE executes initial uplink transmission to the target cell;

- If CHO and MBB with simultaneous transmission/reception configured, when the UE releases the source cell after successfully sending HO Complete to the target cell.

Proposal 2: RAN2 is requested to discuss two options to resolve the race condition in HO execution:
- Option 1: the UE ignores the conventional HO command after starting the CHO execution
- Option 2: the UE revokes the CHO execution and performs HO execution.

Proposal 3: The UE sends an explicit indication to inform the source eNB/eNB of triggering CHO execution:

- to reduce service interruption time and simplify data forwarding;

- to prevent the race condition between CHO execution and HO execution from occurring;

- to prevent the race condition between CHO execution and deconfiguration from occurring;

- to help to reserve the resources strictly just before starting the CHO execution.
Proposal 4: T304 starts when the UE initiates the handover execution and the expiry of the T304 can be used to determine the handover failure in the CHO.
Proposal 5: The configured CHO execution events for multiple candidate cells are met at the same time, the UE can select the target cell for the handover execution based on the cell level qualities basically. FFS on other criteria (e.g., priority configured by the network, the beam level quality).
Proposal 6: If the access to the target cell fails, the UE can try to access to another candidate cell if the configured CHO execution events for that cell are met.
Proposal 7: Upon T304 expiry and if the UE selects a cell which has a CHO configuration, then the UE can try to access to the cell using configured CHO configuration instead of re-establishment.
Proposal 8: The UE releases the configured CHO configurations after successful HO completion or initiation of re-establishment.
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