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1. Introduction

Conditional HO is discussed for improve HO robustness. RAN2 has agree to consider as solution for improving the robustness. The handover to target node time is controlled by UE, the data forwarding trigger is different from the normal handover. It is too later for data delivering continuing. This contribution focus on the solution to  reduce the extra interruptions or jitter. 

2.  Discussion
In RAN2, Conditional HO is under discussion as a way to improve HO robustness. Basic steps of conditional HO is shown in Figure 1. 
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Figure 1: Basic conditional HO procedure.
The UE is provided with early HO configuration for a single or multiple target nodes. The condition for HO is also provided to the UE by the network. The network also prepares the single or multiple target nodes for the possible UE arrival. When the HO condition is met, the UE performs the HO towards the prepared target cell.
The UE accesses the target node, where the target node signals the source node of HO completion. At this point of time the source cell starts forwarding the data towards the target node. Even though, the conditional HO procedure improves the HO robustness (i.e. guarantees that the UE receives the HO command),the data forwarding only starts after the UE accesses to the target cell. Thus the basic conditional HO introduces extra interruptions or jitter to the data delivery. 

Observation 1: If data forwarding starts after the completion of conditional HO to the target cell, it may introduce extra interruptions or jitter to the data delivery.

To resolve the extra interruptions or jitter in conditional HO, there are several solutions may be candidates. 

1. UE indication trigger the data forwarding 
The UE signals the source cell that the UE is leaving the cell when UE detect the target node meet the condition for HO, prior to the UE access in the target node (prior to step 7) in Figure 1. The signal can be used as the trigger for data forwarding. This solution may trigger the source node perform the data forwarding early. But this solution has a number of drawbacks. 

1). At the time of the UE signals the source node that the UE is leaving the cell, the radio condition between the source and the UE is not good. Hence there is no guarantee that the signal would be received by the source node. 

2). Even if the signal is received by the source node, there is no guarantee that the data forwarding has started before the UE accesses the target cell.  

3). The UE may have configured with multiple target nodes for conditional HO. A simple signalling to indicate that the UE is leaving the source cell doesn’t inform the network of which target cell the UE is moving to. 

4). Adding more information of the target cell the UE is moving to increases the signalling and also degrades the possibility of successful delivery over a poor quality radio link towards the source cell.

Observation 2:  Solutions based on the UE informing the source cell of execution of conditional HO to trigger data forwarding have number of drawbacks.

In conventional HO, the data forwarding is triggered by the source cell upon the transmission of HO command to the UE. The data forwarding is not based on UE action, rather left to the network procedure when and how to start data forwarding to the prepared target cell. Even for the conditional HO, it is worth maintaining network procedure for data forwarding. There are a number of different methods which could be implemented at the network to mitigate data interruption or jitter.
2. Network based Sliding window buffer data forwarding
The source node and the target nodes may maintain a data forwarding window. The source may configure data forwarding window in early HO request message (in step 3). The data forwarding configuration provides the necessary information for the data forwarding path as well as data forwarding window size. 
The source node starts forwarding data to the target node upon the transmission of conditional HO command (in step 5) or upon the acknowledgement of conditional HO command (in step 6). 
The target node receives the data and keeps the data which fall within the data forwarding window and discards any data fall outside of the window. 
The data forwarding window is a sliding window maintained at the target node. The target node keeps the newest data received at the target node. With the data forwarding configuration, the source can reconfigure the window size as required or commands the target node to discard all the data kept at the target node. 
3. Network based Data Delivering status report data forwarding 
In this solution, the source node starts the forwarding is same as solution 2. The difference is target node will handle the receiving base on the source node data delivering status report instead of the buffer window. The source node periodically provides data delivering report with ACKed and/or NACKed PDUs to the target node. Based on this information, the target cell can release already ACKed PDUs in the buffer. 
Network based solutions could overcome the data forwarding issues in conditional HO. As the data is already available at the target node when the UE accesses the target cell, the target cell could start transmission of data to the UE without any delay, hence avoiding data interruption and jitter.
Proposal 1: Network based solutions should be considered to mitigate possible data interruption and jitter in conditional HO. 
In NR system, the cell coverage is smaller than the LTE. The multiple target nodes in condition handover mostly are configured. And the NR supports the quantities of data transferring.  The data forwarding to multiple target nodes should consume lots of backhaul resource and target node resource. The data forwarding starting time point should be further study and optimized. The above solution 3 will forward the PDCP data to target nodes. The solution 2 may support forward the PDCP data or Fresh SDAP SDU to target node. In NR system, to reduce the target nodes resource consuming, the per PDU session SDAP SDU forwarding may be one option in solution. The target nodes just use window size to store and discard the receiving data.
Proposal 2: In NR system, the source node may forward SDAP SDU per PDU session in  window sliding solution to multiple target nodes

In NR CU-DU split case, the conditional handover may be configured  for inter-DU handover. To resolve the data  interruption and jitter issue, the gNB-CU may transmit the DL data to all the target nodes  same as source node after the source gNB-DU responds to the gNB-CU with the UE CONTEXT MODIFICATION RESPONSE message.
Proposal 3: In NR CU-DU case, the gNB-CU transmit the DL data to the target nodes same as source node in conditional handover after handover preparation

3. Conclusion 

In this contribution, we have discussed data forwarding in conditional HO in order to mitigate data interruption and jitter. Analysis suggested that network based solutions are favourable over UE signalling based solutions. The following observations and proposals were made.

Observation 1: If data forwarding starts after the completion of conditional HO to the target cell, it may introduce extra interruptions or jitter to the data delivery.

Observation 2: Solutions based on the UE informing the source cell of execution of conditional HO to trigger data forwarding have number of drawbacks.

Proposal 1: Network based solutions should be considered to mitigate possible data interruption and jitter in conditional HO. 
Proposal 2: In NR system, the source node may forward SDAP SDU per PDU session in  window sliding solution to multiple target nodes

Proposal 3: In NR CU-DU case, the gNB-CU transmit the DL data to the target nodes same as source node in conditional handover after handover preparation[image: image2.png]
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