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Introduction
[bookmark: _Toc242573354]In the work item for Even further Mobility Enhancements in E-UTRAN [1], one objective is to improve the robustness at handover. In RAN2#104 it was agreed that conditional handover is one solution that should be considered for improving the handover robustness. The following agreements were made:
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.
=>	FFS on the exact details of the procedures


Agreements
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 user plane aspects of conditional handover is discussed.
Discussion
Conditional Handover
In conditional handover the network configures the UE with triggering conditions for when a handover should be executed. When the conditions are fulfilled, the UE executes the handover without any further order from the network. The advantage of the procedure is that the HO Command is sent to the UE at an earlier stage before the radio conditions have become poor, which increases the chance of a successful transmission of the message. The basic procedure for conditional handover is shown in Figure 1.



 (
UE
Serving gNB
Target gNB
HO decision based on early report
UP data
1. Measurement report (”low” threshold)
2. Early HO Request
Accept HO, build RRC config
3. HO Ack (incl. RRC config)
4. Conditional HO command
(”high” threshold) 
Measurements fulfill  HO Condition 
 UE triggers pending cond. HO
5. Synchronization and random access
6. 
UE attaches 
to 
target eNB
 + possible reconfiguration procedure
7. 
HO
 completed
UP  data
)
[bookmark: _Ref463051822]Figure 1: Conditional handover execution 

Figure 1: Conditional handover

User plane related actions
The difference between a legacy handover and a conditional handover is related to the procedure before the actual handover. When the handover is actually executed, the actions are the same as for a legacy handover. This applies also for the user plane, that the actions are the same for a legacy handover as for a conditional handover when it comes to the execution part of the handover.
In chapter 5.3.5.4 Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover) in 36.331 the actions related to execution of a handover are listed. That chapter is relevant also for a conditional handover and could be extended to cover the execution of a conditional handover.
5.3.5.4 	Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover)
If the RRCConnectionReconfiguration message includes the mobilityControlInfo and the UE is able to comply with the configuration included in this message, the UE shall:
1>	stop timer T310, if running;
1>	stop timer T312, if running;
1>	start timer T304 with the timer value set to t304, as included in the mobilityControlInfo;
1>	stop timer T370, if running;
1>	if the carrierFreq is included:
2>	consider the target PCell to be one on the frequency indicated by the carrierFreq with a physical cell identity indicated by the targetPhysCellId;
1>	else:
2>	consider the target PCell to be one on the frequency of the source PCell with a physical cell identity indicated by the targetPhysCellId;
1>	stop timer T309, if running, for all access categories;
1>	start synchronising to the DL of the target PCell;
NOTE 1:	The UE should perform the handover as soon as possible following the reception of the RRC message triggering the handover, which could be before confirming successful reception (HARQ and ARQ) of this message.
1>	if BL UE or UE in CE:
2>	if sameSFN-Indication is not present in mobilityControlInfo:
3>	acquire the MasterInformationBlock in the target PCell;
1>	if makeBeforeBreak is configured:
2>	perform the remainder of this procedure including and following resetting MAC after the UE has stopped the uplink transmission/downlink reception with the source cell(s);
NOTE 1a:	It is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell(s) to initiate re-tuning for connection to the target cell, as specified in TS 36.133 [16], if makeBeforeBreak is configured.
1>	reset MCG MAC and SCG MAC, if configured;
1>	release uplinkDataCompression, if configured;
1>	re-establish PDCP for all RBs configured with pdcp-config that are established;
NOTE 2:	The handling of the radio bearers after the successful completion of the PDCP re-establishment, e.g. the re-transmission of unacknowledged PDCP SDUs (as well as the associated status reporting), the handling of the SN and the HFN, is specified in TS 36.323 [8].
NOTE 2a:	At handover the pdcp-reestablish flag will be set for all RBs configured with NR PDCP in nr-RadioBearerConfig TS 38.331 [82] which will cause the PDCP entity to be re-established also for these RBs.
1>	re-establish MCG RLC and SCG RLC, if configured, for all RBs that are established;
1>	for each SCell configured for the UE other than the PSCell:
2>	if the received RRCConnectionReconfiguration message includes sCellState for the SCell and indicates activated:
3>	configure lower layers to consider the SCell to be in activated state;
2>	else if the received RRCConnectionReconfiguration message includes sCellState for the SCell and indicates dormant:
3>	configure lower layers to consider the SCell to be in dormant state;
2>	else:
3>	configure lower layers to consider the SCell to be in deactivated state;
1>	apply the value of the newUE-Identity as the C-RNTI;
1>	if the RRCConnectionReconfiguration message includes the fullConfig:
2>	perform the radio configuration procedure as specified in 5.3.5.8;
1>	configure lower layers in accordance with the received radioResourceConfigCommon;
…
[bookmark: _GoBack]The UE actions to be executed at a conditional handover are the same as for a legacy handover and no new actions related to the user plane need to be specified for conditional handover. 
Observation 1: The UE user plane related actions performed at execution of a legacy handover are the same as at execution of a conditional handover.

Packet forwarding
Packet forwarding from source to target eNB can start at different points in time. The following options for when to start data forwarding at conditional handover have been discussed:
· After configuration of conditional handover
· After handover completion in target node
· After a new “bye” message/indication in source node
· After target indicates that the UE has accessed the cell
To start data forwarding after configuration of conditional handover means that a lot of data will be forwarded and also to potential target cells which the UE may never handover to. It would consume a lot of network resources, some of them of no use if the UE never connects to that target cell. However, for some URLLC cases the large amount of resources could be motivated if it is really important that no data is lost. Also, if only one target cell is configured and the UE is expected to handover quickly, the network can choose to start data forwarding early.
To start data forwarding after handover completion is on the other hand a bit late as the UE has already started receiving data in the new cell. The two last options are means to enhance the starting time for data forwarding by providing information to source eNB that the UE is executing the handover and that it therefore is a good time to start data forwarding. 
The first option is that the UE sends a “bye” message when leaving the source cell. The drawback with such a message is that it is unreliable as the radio conditions are usually quite bad when the UE executes the handover. If the UE starts transmitting the message and the message doesn’t get through, the UE may perform retransmissions instead of accessing the new cell. If the access to the new cell is delayed, the risk of a failed handover increases. Due to these reasons the option of sending a “bye” message is not a preferred solution.
An alternative could be that the target cell sends a message to source eNB when the UE has started accessing the cell. However, such a solution is more a RAN3 discussion. RAN2 could send an LS to RAN3 and ask them to evaluate a solution for data forwarding. 
In summary, it is a network implementation decision when to start data forwarding and the exact point in time is not standardized. The starting point can depend on the specific use case and the network can make the decision based on the use case. Some improvement to provide source eNB with information about when the UE accesses the new cell can be considered in RAN3. 
Observation 2: It is a network implementation decision when to start data forwarding and it depends on the specific use case.
Proposal 1: Send an LS to RAN3 and ask them to discuss data forwarding for conditional handover and possibly consider an enhancement to inform source eNB when the UE accesses target eNB.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following observation and proposals:
[bookmark: _Hlk528334907]Observation 1: The UE user plane related actions performed at execution of a legacy handover are the same as at execution of a conditional handover.
Observation 2: It is a network implementation decision when to start data forwarding and it depends on the specific use case.
Proposal 1: Send an LS to RAN3 and ask them to discuss data forwarding for conditional handover and possibly consider an enhancement to inform source eNB when the UE accesses target eNB.
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