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1 Introduction
[bookmark: _Ref178064866]During the RAN2 #97 meeting, the idea of conditional handover [1] was discussed to avoid the potential handover failures in NR radio condition, and it was concluded that conditional handover can continue to be discussed within the WI phase. During the RAN2 #97bis meeting, the matter was further discussed [2], and most companies supported the idea but thought some issues still need be addressed before making any agreements on the conditional handover. It was concluded that RAN2 will progress the basic HO mechanism for NR and when stable RAN2 can discuss whether to support conditional handover and discuss other potential optimisations. In this contribution, we discuss on the conditional handover procedure and provide our views.
2 Discussion
Handover is one of the most fundamental and important procedures in LTE mobility management. The LTE handover procedure of a UE in RRC_CONNECTED state is a UE-assisted network-controlled handover. It is expected that channel conditions in NR changes rapidly considering especially in beamforming system in high frequencies. This would cause the failure issue of handover command delivery to the UE from the source gNB. Once the control signaling between UE and the serving cell is gone due to the sudden radio signal quality drop, the current LTE operation is to claim radio link failure and proceed RRC-reestablishment which increases the latency comparing with the normal handover. As a way to resolve the above difficulties in NR radio condition, it is suggested to consider handover procedure based on a configured condition, i.e., conditional handover, so that an early handover command can be configured to UE when the channel quality is still stable and UE can execute the handover when the configured condition is satisfied. However, some issues still need be studied for the conditional handover procedure. 
2.1 Awareness of the conditional handover
Since the decision of when to execute the handover and which cell is selected as the target cell is based on the cell quality measurement and determined by the UE, the source gNB is unaware whether/when the conditional handover is executed, which target cell is selected, and whether the execution is succeeded. The source gNB may only know the handover result upon the reception of an indication from one of the candidate target gNBs. During such uncertain time, the source gNB may keep trying to transmit to the UE when the UE is already detached from the source gNB. The data forwarding can only be initiated after the handover indication from one target cell, which increases the interruption time. Therefore, it is desired to enhance the current conditional handover procedure such that the source gNB can be more aware of the situation of the UE.
The source gNB may be unaware of the conditional handover execution, which could result in radio resource waste and larger interruption time.
To make the source gNB be aware of whether/when the conditional handover command is executed at the UE, a timer can be configured at the source gNB and the UE, namely Timer 1 and Timer 2 respectively. The Timer 2 is configured to UE through the conditional handover command, which defines the life cycle of the conditional handover command. 
· Before Timer 2 is expired, UE can execute the handover if the configured condition is satisfied, and handover ACK is sent to source gNB explicitly.
· Upon Timer 2 is expired, UE sends an updated measurement report if none of the configured handover condition is met, which implicitly indicates the handover is not executed to the source gNB.
The following Figure 1 illustrates the flow chart of the UE procedure when executing the conditional handover command.


[bookmark: _Ref477962016]Figure 1: Flow chart of the UE procedure when executing the conditional handover command.
Additionally, Timer 1 is defined at source gNB for checking if the conditional handover is executed. Figure 2 illustrates the flow chart of the source gNB procedure when executing the conditional handover command.
· If updated measurement report is received upon the expiration of Timer 1, source gNB knows handover is not executed and can evaluate for further actions, e.g. new handover command may be prepared if needed.
· If handover ACK is received within Timer 1, source gNB knows handover is executed and which target cell is selected by UE. The source gNB can stop ongoing transmission immediately to prevent the radio resource waste, and start the SN status transfer and data forwarding to the target gNB. 
· If no response from UE after the expiration of Timer 1, source gNB knows handover is executed but the ACK is lost, and waits for ACK from one of the target gNB. The source gNB can stop ongoing transmission immediately after the expiration of Timer 1 to prevent the radio resource waste. 
Signaling flow of when the conditional handover command is expired and no handover is executed is shown in Figure 3. An updated measurement report is sent by UE upon the expiration of the Timer 2. The uplink resource can be pre-configured by conditional handover command. Upon reception of the updated measurement report, the source gNB knows handover is not executed and will evaluate for further action, e.g. new handover command may be prepared if needed. The solid arrow line started from the Timer block indicates that the action (i.e. the transmission or reception of the updated measurement report) is preformed upon the expiration of the Timer.


[bookmark: _Ref477962075]Figure 2: Flow chart of the source gNB procedure when executing the conditional handover command.



[bookmark: _Ref477965678]Figure 3: Signaling flow when conditional handover command is expired and no handover is executed.
When the conditional handover is executed, a conditional handover ACK message is sent by UE and received by source gNB within the configured timers. There is a good chance the ACK can be delivered to the source gNB since the configured handover condition should be similar as the measurement report trigger condition in conventional handover procedure. The signaling flow is shown in Figure 4 when the UE is handed over to a target gNB 1 and handover ACK is received by source gNB. The dashed arrow line started from the Timer block indicates that the action (i.e. the transmission and reception of the handover ACK) is performed before the expiration of the Timer. As shown in Figure 4, the source gNB can stop on-going transmission immediately, start transferring SN status and forwarding data, and release pre-reserved resources at the other candidate gNBs. 


[bookmark: _Ref477966238]Figure 4: Signaling flow when UE is handed over to a high handover likelihood gNB and handover ACK is received by source gNB.
A timer associated with the conditional handover commend can be configured to the UE.
Explicit signalling from the UE can be used to indicate the execution or expiration of the conditional handover commend.
2.2 Signalling and resource overhead reduction
Furthermore, since the measurement report of the UE is triggered earlier when the channel quality of the serving cell is till decent, the source gNB cannot select one proper cell for the UE to be handed over to. Thus, it would be necessary to prepare multiple candidate cells for the potential handover during the handover preparation stage. Dedicated resources need be reserved for the UE at each candidate cell, full UE context and access information need be exchanged with multiple candidate cells, and access information of the multiple candidate cells need be further delivered to UE via RRC signalling. However, only one cell will be selected for the handover at the end, or the handover commend may not be executed at all. As a result, a scheme to reduce the signalling overhead over the Xn, NG, and Uu interface and to reduce the resource pre-reservation at the multiple candidate cells should be considered for the conditional handover procedure. 
Multiple candidate cells need be prepared for the conditional handover, which could result in larger signalling overhead and resource waste.
After received the early measurement report, the source gNB will coordinate with one or multiple candidate target gNBs to prepare the conditional handover. During the preparation stage, based on the UE measurement report and other information (e.g. UE’s location and moving direction, traffic load of the candidate gNBs), the source gNB can determine the likelihood of each target gNB the UE may be handed over to. In order to reduce the signaling overhead over Xn and NG interface, different grade of information for handover preparation can be exchanged between the source gNB and candidate target gNBs based on the aforementioned handover likelihood. An explicit indication can be sent to the target gNBs to inform them what grade of resources should be reserved for the conditional handover, or the target gNB can prepare the handover based on the grade of information provided by the source gNB, which can be considered as an implicit indication. For example, 
· With a high handover likelihood, the source gNB may issue a regular handover request message to the target gNB passing necessary information to prepare the normal handover at the target side. The high handover likelihood target gNB performs the admission control and sends the handover request acknowledge message to the source gNB. The handover request acknowledge message may include a transparent container to be sent to the UE as an RRC message to perform the handover. The container may also include a new C-RNTI, target gNB security algorithm identifiers for the selected security algorithms, and may also include a dedicated RACH preamble, and possibly some other parameters i.e. access parameters, system information, etc. The source gNB may also indicate the target gNB that dedicated resources for random access shall not be pre-reserved.
· With a low handover likelihood, the UE context, radio bearer information and other necessary information such as target cell ID may be delivered to the target gNB. The target gNB may only perform admission control and may not pre-reserve any dedicate resource for the UE. The target gNB may only inform the source gNB whether the conditional handover is acceptable.
Accordingly, different grade of information can be provided to UE associated to different candidate target cells via conditional handover command. For example, 
· For high handover likelihood cells, full access information such as target cell ID, handover condition (e.g. RSRP threshold), timer for the conditional handover command, new C-RNTI, target gNB security algorithm identifiers, and optionally dedicated RACH preamble, necessary system information, etc. may be included in the conditional handover command. As a result, the UE can perform a legacy-like handover procedure to the target gNB to resume the connection when the conditional handover command is executed.
· For low handover likelihood cells, the minimum information may be included in the conditional handover command, such as target cell ID, handover condition. The UE may need to send the connection re-establishment request to the target gNB to rebuild the connection. Upon the reception of the connection re-establishment request from the UE, the target gNB may re-establish the connection with stored UE context.
Furthermore, handover likelihood of the target cells and/or the handover method (e.g. via legacy-like connection resumption procedure or connection re-establishment procedure) may be explicitly indicated in the conditional handover command for each candidate target cells; or the UE can decide which handover method will be used based on the available information, which can be considered as an implicit indication. 
Handover likelihood can be introduced during the handover preparation stage, such that different grade of information/resources can be provided to and reserved by the multiple candidate cells based on the handover likelihood. 
3 Conclusion
The followings have been observed:
1. The source gNB may be unaware of the conditional handover execution, which could result in radio resource waste and larger interruption time.
1. Multiple candidate cells need be prepared for the conditional handover, which could result in larger signalling overhead and resource waste.
The followings have been proposed:
1. A timer associated with the conditional handover commend can be configured to the UE.
Explicit signalling from the UE can be used to indicate the execution or expiration of the conditional handover commend.
Handover likelihood can be introduced during the handover preparation stage, such that different grade of information/resources can be provided to and reserved by the multiple candidate cells based on the handover likelihood. 
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