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1 Introduction

In WID [RP-181475], one of the objective is to improve the robustness during handover. 
· Specify further enhancements to achieve following targets, [RAN2/3]

· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 

· improve the robustness during handover,

And during RAN2#104meeting, the discussion based on conditional handover has achieved the following agreements:
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, the discussion will focus on the detail procedures of conditional handover.
2 Discussion  
During last meeting, the conditional handover has been agreed to be considered. UE will receive a handover command in advance with configured condition(s) and multiple candidate cells may be configured by the network. Once the conditions fulfilled, UE then initiates access to the target cell. 
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Figure 1. The basic procedure for conditional handover
2.1 Handover preparation
For conditional handover, the handover preparation is similar as the legacy handover. The source eNB configures the UE measurement and UE report according to the measurement configuration. Once the MEASUREMENT REPORT is triggered and sent to the eNB. The source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off the UE. Multiple candidate target eNBs may be issued with a handover request message. And necessary messages for target eNB(s) to prepare the handover are also included.
When the admission Control is performed by the target eNB(s), the target eNB(s) prepare(s) the handover with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB, which includes a transparent container to be sent to the UE as an RRC message to perform the handover.
Observation 1 The conditional handover preparation procedure is similar as the legacy handover.
Proposal 1 The conditional handover preparation follows the legacy handover preparation procedures.
As soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, the conditional handover is triggered by sending an RRCReconfiguration message to the UE, and the condition for UE to estimate when to initiate the access to target eNB is also included.
As agreed in last meeting, multiple candidate cell is supported in conditional handover, the conditional handover command may be transmitted in two ways:

· Single handover command including multiple target cells configuration

In this way, UE will receive consecutive handover commands and it is questionable for UE to define when the handover commands terminates.

· Multiple handover command send to UE one by one

If the handover command consist multiple RRCReconfiguration messages for each target eNB, the size of the RRC message should be considered. In other words, the number of candidate target cells is limited.

Observation 2 RRC message size should be considered for multiple target cells handover command.

2.2 Validity of conditional handover command

When handover command is received, UE will continue monitoring the radio link condition of configured target eNB(s). When the target eNB fulfils the condition to access, UE initiates a random access procedure to synchronize with the target cell. However, the valid time of radio resource configured in conditional handover command (i.e. how long UE should monitor the target eNB(s)) should be considered. And there are three alternatives for the guarantee the validation of handover command:
· Explicit indication by source eNB

Once the handover command is transmitted to UE, the source eNB can reconfigure or de-configure the handover command by explicit indication anytime. The drawback of this alternative is extra RRC signalling may be cost.

· Timer-based valid time

In legacy handover, the T304 will be started to guarantee both the radio resource validation as well as the accessing time limitation when handover command is received. For conditional handover, the legacy T304 can be reused for radio resource valid time control. For this case, a new timer to limit the access time is required since the timing of receiving the HO command and initiating the random access procedure is separately.

· Always follow the latest configuration

The de-configuration of the handover command can also be achieved by implicit indication, e.g. UE always follow the latest reconfiguration. While if multiple target cells are configured to UE one by one, UE is not able to recognize whether the received reconfiguration message should overrides the previous one. 

Proposal 2 Handover command reconfiguration and de-configuration with explicit indication (e.g. RRC reconfiguration message) can be considered as the baseline. 
Observation 3 The valid time of conditional handover command can be realized by reusing the legacy T304.

Proposal 3 T304 is reused to guarantee the valid time of the radio resource configured in handover command.

2.3 Data forwarding
If multiple candidate target cells are configured, another question is that how data forwarding works. In legacy handover, as soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of the handover command is initiated in the downlink, data forwarding may be initiated. For conditional handover, the timing for data forwarding gives several options:
· Early data forwarding 
The most straightforward way is to follow the legacy data forwarding, once handover command is transmitted, the source eNB initiates the data forwarding to the configured target eNB(s). However, the timing of UE accessing to the target cell is uncertain. And UE keeps data transmitting with source eNB until UE access to the target cell, which may cause redundant forwarding of the data. On the other hand, if multiple target cells are configured in handover command, the early data forwarding requires source eNB to forward the data to each of the configured target cell since the target cell index that UE access to is unknown to source eNB.
· Data forwarding with bye message

Another option is that UE send an indication to source eNB for data forwarding. Upon the target cell access condition is fulfilled, UE send the indication as well as the target cell index to the source eNB. While the poor radio link condition of the source cell may lead unsuccessful reception of the indication.
· Late data forwarding

Late data forwarding is much safer by comparing to the previous two options. The source cell is indicated by target cell to start data forwarding upon UE successfully access to the target cell. The drawback of late data forwarding is that extra delay may be introduced.
Observation 4 The data forwarding should consider the trade-off between resource waste and transmission delay.
Proposal 4 Late forwarding based on target cell’s indication should be considered as baseline.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
The conditional handover preparation procedure is similar as the legacy handover.
Observation 2
RRC message size should be considered for multiple target cells handover command.
Observation 3
The valid time of conditional handover command can be realized by reusing the legacy T304.
Observation 4
The data forwarding should consider the trade-off between resource waste and transmission delay.


Based on the observations, we propose:
Proposal 1
The conditional handover preparation follows the legacy handover preparation procedures.
Proposal 2
Handover command reconfiguration and de-configuration with explicit indication (e.g. RRC reconfiguration message) can be considered as the baseline.
Proposal 3
T304 is reused to guarantee the valid time of the radio resource configured in handover command.
Proposal 4
Late forwarding based on target cell’s indication should be considered as baseline.
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