[bookmark: OLE_LINK137][bookmark: OLE_LINK138]3GPP TSG-RAN WG2 Meeting #105	R2-1900143
Athens, Greece, 25th February – 1st March 2019


Agenda Item:	12.3.3
Source: 	MediaTek Inc.
Title:  	Discussions on Conditional Handover Procedures

Document for:	Discussion and decision
[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
In RAN2#104 meeting, we made the following agreements about conditional handover (CHO) for handover robustness improvement in LTE.
	Agreement
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.
=> FFS on the exact details of the procedures
Agreement
1	Support configuration of one or more candidate cells for conditional handover.
=> FFS how many candidate cells (UE and network impacts should be clarified).



In this contribution, we further discuss the RAN2 details of the CHO procedures. 
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Key enabling factors
1.1.1 Measurement configuration and report
Measurement events for conditional handover
With conditional handover, the robustness of measurement report and handover command can be improved by earlier transmission before serving cell channel degradation. To support conditional handover, a lower threshold to trigger early measurement report is needed. Thus, measurement events similar to those for normal handover, but with lower thresholds, can be configured.
Proposal 1:	In order to support conditional handover, measurement events similar to those for normal handover, but with lower thresholds, can be configured.
Measurement report
In RRM measurement procedure, the network may configure a measurement event for a UE, and the UE sends measurement report once the configured measurement event is triggered, i.e., the associated conditions are satisfied. For conditional handover, the measurement events similar to those for normal handover will be defined, but with lower thresholds. This means more measurement reports are to be sent, introducing more signalling overhead.
One way to reduce the number of measurement reports is to report only those cells that are better than current best candidate. This is explained in the figure below. 
	

	


	(a)
	(b)


Figure 1. Necessary vs. unnecessary measurement report
Figure 1(a) shows an example of necessary measurement report:
· t1: UE is served by eNB1
· t2: UE detects eNB2, report eNB2 and then eNB2 is configured as candidate for CHO
· t3: UE detects eNB3, and the RSRP of eNB3 is higher than that of eNB2. UE reports eNB3 and eNB3 is configured as CHO candidate.
· t4: UE executes handover towards eNB3.
Figure 1(b) shows an example of unnecessary measurement report:
· t1: UE is served by eNB1
· t2: UE detects eNB2, report eNB2 and then eNB2 is configured as candidate for CHO
· t3: UE detects eNB3, however the RSRP of eNB3 is NOT as good as eNB2. UE does not report eNB3 and thus eNB3 is not configured as CHO candidate.
· t4: UE executes handover towards eNB2.
Proposal 2:	Measurement report for the events configuring CHO candidate is sent only when a new cell meets the event-triggering criteria and the new cell is better than current best candidate.
1.1.2 Conditional handover preparation
CHO request (source eNB to candidate eNB)
As a baseline, current information in handover request message (e.g., UE capability, AS configuration, RRM configuration, AS context) should be carried in conditional handover request message. But some information not related to access can be delivered to the target eNB later to reduce signalling overhead. 
CHO request ACK (candidate eNB to source eNB)
As a baseline, RRC configurations and RA information are transferred to target cell in CHO preparation stage. The information can be carried by an acknowledgement message similar to HO Request ACK for normal handover. To reduce signalling overhead, some information may be delivered later when target eNB has been chosen. The details require further study.
Proposal 3:	As a baseline, the contents of CHO Request and ACK messages are similar to those of HO Request and ACK messages. For signalling overhead reduction, RAN2 should study the information transferred between source and target cells for conditional handover preparation.
1.1.3 Conditional handover command
Single or multiple candidate cells
· RAN2 agreed to “support configuration of one or more candidate cells for conditional handover,” which means the network may want to keep only one conditional candidate cell for each UE. To achieve this, latest CHO command received by UE must overwrite previous ones. That is, only one candidate cell is carried by the CHO command, and the UE discard any previously configured candidate cells upon reception of a new CHO command.
· The network may also want to configure multiple candidate cells. Following the same rule, latest CHO command received by UE overwrites previous ones. This means that each CHO command must carry all CHO candidate cells even some cells have been configured as CHO candidate in previous CHO command. 
· As a result of the “overwrite” rule of CHO command, when a measurement report is sent, in addition to the newly-reported cell, it also includes current candidates that still satisfy the event-triggering conditions.
Validity for CHO commands / De-configuration of candidates
· A CHO candidate cell cannot be valid forever. A validity timer can be configured for each CHO command at both UE and network sides.
· At UE side, each UE maintains only one validity timer at a time, and all candidate cells are invalidated when the timer expires.
· At network side, a candidate cell may no longer be valid when it is not included in the latest CHO command, or when UE performs handover to another cell. The UE contexts kept and dedicated resources reserved in an invalid candidate cell should be released. This can be done either (1) upon expiry of validity timer, or (2) by an explicit signalling. The mechanism to release resource and UE context in unselected candidate cells can be further studied, taking into account resource occupation and X2 signalling overhead.
Who generates the conditional HO command?
For normal handover, the handover command (i.e., RRCConnectionReconfiguration with MobilityControlInfo) is generated by target eNB. For conditional handover, the source eNB generates the final conditional HO command, but may include information provided by target eNB. The reason is, the handover condition is determined by the source eNB. Also, in conditional handover, multiple candidate cells will be prepared and the source eNB needs to consider the responses from multiple candidate cells. 
What information is carried in the conditional HO command?
Parameters in current LTE (i.e. new C-RNTI, target eNB security algorithm identifiers, and optionally dedicated RACH preamble, target eNB SIBs, etc.) can be baseline. RAN2 can further study if there is any other parameter needed. In addition, a CHO command should include the associated condition for handover and length of validity timer.
Observation 1:	To allow network to configure only one CHO candidate cell for each UE, previously received CHO command should be overwritten by the latest one.
Proposal 4:	A CHO command contains a list of candidate cells to be configured, and the latest CHO command overrides previous ones.
Proposal 5:	When a measurement report is sent, in addition to the newly reported cell, it also includes current candidates that still satisfy the event-triggering conditions.
Proposal 6:	A validity timer is associated with each CHO command.
Proposal 7:	Conditional handover command is generated by the source eNB.
Proposal 8:	In addition to parameters in current LTE handover command, a conditional handover command should include the associated condition for handover and length of validity timer.
1.1.4 Conditional handover execution
Conditions for initiation of conditional handover? 
Baseline can be similar to the measurement events defined for normal handover. Other conditions may be further studied.
Indication of conditional handover initiation and SN status transfer
· In normal HO, the initiation of handover execution is clearly indicated as source eNB sending out handover command. Upon reception of handover command, the UE detaches from old cell and perform synchronization to new cell. SN status transfer and packet forwarding are also performed after delivery of the HO command. In conditional HO, however, UE still performs data transmission with the source eNB after the conditional HO command is received. Also, the source eNB needs to know to which target eNB the SN status and packets should be forwarded. Therefore, additional indication of CHO initiation is needed. 
· The indication message from UE can be sent to either source eNB or target eNB:
(1) Indication message sent to source eNB: This is considered as a “bye” message. Upon receiving the “bye” message, the source eNB can start SN status transfer and packet forwarding, as in legacy handover. The major concern of this method is the reliability of the “bye” message reception.
(2) Indication message sent to target eNB: When preconfigured conditions are met, UE performs RA towards the target eNB, and UE sends an indication, e.g., a CHO Execution Request, to target eNB. Then there should be some way to inform source eNB the initiation of conditional handover. For example, upon reception of the conditional handover indication message, which also carries the source cell ID, target eNB may send SN status transfer request message to source eNB, and then source eNB can perform SN status transfer and packet forwarding.
Proposal 9: 	Conditions similar to the measurement events defined for normal handover can be considered as the baseline for initiation of conditional handover. RAN2 studies other conditions.
Proposal 10:	Upon initiation of conditional handover, UE sends indication to source eNB, and then performs synchronization and random access towards target eNB.
Proposal 11:	Upon reception of the conditional handover indication message, the source eNB can perform SN status transfer and data forwarding.
RRC Responsibility
RRC responsibility can be switched from source eNB to target eNB once the target cell is able to identify the UE, i.e. when RA procedure is completed.
Proposal 12:	RRC responsibility can be switched from source eNB to target eNB once RA procedure towards target cell is completed.
1.1.5 Completion of conditional handover
As in normal handover, the completion phase of the handover procedure starts when UE sends RRCConnectionReconfigurationComplete message. Since the procedures afterwards are not related to the “conditions”, the competition phase of normal handover can be reused for conditional handover.
Proposal 13:	The competition phase of normal handover can be reused for conditional handover.
1.1.6 Coexistence with normal handover
Although CHO is to be introduced, the network may prefer to configure normal HO as the main mobility procedure, and configure CHO as a backup mechanism. In this way, the network can have more control on UE mobility, and mobility robustness can be maintained by CHO. Even if CHO is configured as the main mobility procedure, in certain cases, the conditions and the candidate cells are not valid anymore, and thus normal HO is needed. Therefore, the co-existence of normal and conditional handover procedures in one system should be supported.
Proposal 14:	The co-existence of normal and conditional handover procedures in one system should be supported. 
Steps
Based on the discussions above, we have the message sequence chart for conditional handover illustrated in Figure 1.


Figure 1.	Conditional handover procedure
Steps for conditional handover:
1. Network sends measurement configuration, including measurement events (e.g., an A3-like event with lower threshold), to the UE.
2. UE sends measurement report when the configured event is triggered
3. Source eNB decides that a conditional handover is needed.
4. Source eNB sends CONDITIONAL HANDOVER REQUEST message to target eNB. 
5. Target eNB performs admission control.
6. Target eNB sends conditional handover response to serving cell, indicating the request is accepted or rejected. If request is accepted (ACK), the target eNB prepares HO and the response message includes a transparent container to be sent to the UE, carrying information including new C-RNTI, target eNB security algorithm identifiers, and optionally dedicated RACH preamble, target eNB SIBs, etc. 
7. Source eNB sends the conditional HO command to the UE, which includes
· Information obtained from target cell.
· Conditions for handover execution, e.g., threshold and corresponding time-to-trigger (TTT) timer.
· Conditions for UE to exit this conditional HO, e.g., some offset
· Value of validity timer.
8. When the UE receives the conditional HO command, the UE maintains connection with source eNB. Once the preconfigured conditions are satisfied, conditional handover is initiated.
9. [bookmark: _GoBack]UE sends conditional handover indication (i.e., “bye” message) to source eNB. The source eNB stops sending data to the UE.
10. UE performs synchronization and random access towards target eNB.
11. UE sends RRCConnectionReconfigurationComplete message to target eNB.
12. Source eNB sends SN STATUS TRANSFER message to target eNB. This procedure can be performed immediately when the conditional handover indication is received from the UE. 
13. The target eNB sends a PATH SWITCH REQUEST message to MME to inform that the UE has changed cell.
14. The MME sends a MODIFY BEARER REQUEST message to the Serving Gateway.
15. The Serving Gateway switches the downlink data path to the target side. The Serving gateway sends one or more "end marker" packets on the old path to the source eNB.
16. The Serving Gateway sends a MODIFY BEARER RESPONSE message to MME.
17. The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.
18. By sending the UE CONTEXT RELEASE message, the target eNB informs success of HO to source eNB and triggers the release of resources by the source eNB.
19. The source eNB releases radio and C-plane related resources associated to the UE context.
Proposal 15:	The message flow in Figure 1 is considered as baseline for conditional handover procedure.
Conclusion
We have the following observation:
Observation 1:	To allow network to configure only one CHO candidate cell for each UE, previously received CHO command should be overwritten by the latest one.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	In order to support conditional handover, measurement events similar to those for normal handover, but with lower thresholds, can be configured.
Proposal 2:	Measurement report for the events configuring CHO candidate is sent only when a new cell meets the event-triggering criteria and the new cell is better than current best candidate.
Proposal 3:	As a baseline, the contents of CHO Request and ACK messages are similar to those of HO Request and ACK messages. For signalling overhead reduction, RAN2 should study the information transferred between source and target cells for conditional handover preparation.
Proposal 4:	A CHO command contains a list of candidate cells to be configured, and the latest CHO command overrides previous ones.
Proposal 5:	When a measurement report is sent, in addition to the newly reported cell, it also includes current candidates that still satisfy the event-triggering conditions.
Proposal 6:	A validity timer is associated with each CHO command.
Proposal 7:	Conditional handover command is generated by the source eNB.
Proposal 8:	In addition to parameters in current LTE handover command, a conditional handover command should include the associated condition for handover and length of validity timer.
Proposal 9: 	Conditions similar to the measurement events defined for normal handover can be considered as the baseline for initiation of conditional handover. RAN2 studies other conditions.
Proposal 10:	Upon initiation of conditional handover, UE sends indication to source eNB, and then performs synchronization and random access towards target eNB.
Proposal 11:	Upon reception of the conditional handover indication message, the source eNB can perform SN status transfer and data forwarding.
Proposal 12:	RRC responsibility can be switched from source eNB to target eNB once RA procedure towards target cell is completed.
Proposal 13:	The competition phase of normal handover can be reused for conditional handover.
Proposal 14:	The co-existence of normal and conditional handover procedures in one system should be supported. 
Proposal 15:	The message flow in Figure 1 is considered as baseline for conditional handover procedure.
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