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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This contribution proposes enhancements for handover using packet duplication across multiple links to minimize Radio link failure (RLF) and to ensure high reliability... The techniques can be used to improve mobility robustness including in challenging scenarios such as high mobility and ultra dense deployments as well as for URLLC.  
Discussion
[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300]In URLLC use cases, packets must be correctly received with ultra high reliability, which can be 99.999%, within the required latency target.  Since the latency target may be as low as 1 ms, existing techniques, such as HARQ, may not be sufficient and may exceed the latency requirement.  Packet duplication is beneficial for both the UP and CP. 
In RAN2 AH, the following was agreed:
Agreements:
1:  Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)
FFS whether packet duplication should also be supported for LTE-NR dual connectivity
2  The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.

The analysis provided in [1] illustrates that the greatest improvement in resource utilization using packet duplication occurs when the SNR is low and the difference in SNR between the duplicate links is small.  Therefore, packet duplication can be used to ensure that the reliability requirement is satisfied during handover.  
Packet duplication during handover
The handover interruption time impacts both the reliability and latency.  In order to reduce the probability of RLF during mobility, enhancements to the handover procedure are necessary.  If the UE is at the cell edge, initiating a handover to the target node too early may result in a RLF of the target node. Similarly, if a handover is initiated too late then a RLF may occur at the source node.  In order to ensure that there is no packet loss due to handover and to minimize the probability of RLF, simultaneous communication with both the source and target nodes with redundant transmission can provide resilience to link failure.  It also reduces UP latency due to link failure detection and recovery. 
In the handover scenario when the duplicate packets from the UE are received at both the source and target nodes, the duplicates can be removed either i) at the PDCP function of the target MgNB or ii) at the upper layers. That is, packets arriving within a latency bound from the source MgNB to the target MgNB via Xn can be detected and removed by the PDCP function at the target MgNB. Packets that may potentially exceed the latency bound over the Xn are forwarded directly by both the source and target MgNB nodes to be detected and removed at the upper layers.  
In order to ensure seamless handover of the MgNB, a make-before-break handover procedure should be used, while still maintaining only one RRC connection at a time.That is, the UE should establish connectivity to the target MgNB before releasing the RRC connection to the source MgNB to allow for packet duplication via both MgNBs during a mobility event. The UE has a radio link connection to both the source and the target MgNBs, but only one RRC connection is maintained at a time with either the source or the target MgNB. 
During a normal (i.e. in LTE) handover of UE connectivity from the source MgNB to a target MgNB, the UE will have only one link available for communication (data and RRC signaling), since the UE is required to release the RRC connection of the source MgNB before it establishes a new RRC connection to the target MgNB.  In this case, the target reliability cannot be satisfied with a single link.  Hence, simultaneous transmission of data and RRC signaling with links towards both the source and target MgNB throughout the handover will ensure higher reliability. The analysis in [1] that is used to illustrate the benefits of using packet duplication can also be used to show the benefits of using simultaneous radio connections during a handover. 
Packet duplication naturally provides RRC diversity capability, which results in improving mobility robustness. Specifically, when either one of the links to source or target MgNB experiences link failure during handover, both the RRC and data connections are still maintained due to the duplication of the CP and UP packets. In essence, this minimizes the probability of RLF and consequently, reduces the need to trigger the RRC re-establishment procedure. In this case, the overall RLF occurs only if connections to both source and target MgNBs fail simultaneously. 
 Figure 1 illustrates the average SNR from the source MgNB and the target MgNB during a handover.  

   
[bookmark: _Ref472936318]Figure 1:  Average SNR from source MgNB and target MgNB during handover.

The conditions during handover are similar to the channel conditions for the scenarios that show a large gain for using packet duplication in the analysis in [1].  During a handover of the source MgNB, the average delta SNR between the source MgNB and the target MgNB is small and the average SNR for the best link is typically low.  
Based on the observations in [1], it can be concluded that packet duplication can be used during handover using simultaneous radio connections with the source and target nodes.  With packet duplication, the target reliability can be achieved with lower overall resource usage.  
The seamless handover procedure with radio connections to both source and target MgNBs is illustrated in Figure 4.  

  
Figure 2:  Seamless handover procedure with RRC transmission diversity and data duplication towards the source and target nodes.
In the above handover procedure, when the condition for handover is satisfied, the source MgNB sends an RRC connection reconfiguration for establishing a radio bearer to the target MgNB. In this case, the UE maintains a radio connection and RRC connection with the source MgNB. After the RB to the target node is established, packet duplication can be used for both data and RRC signaling.
When the condition for releasing the source node is satisfied, the source node (and optionally the target node) sends an RRC connection reconfiguration command to complete the RRC connection to the target node. Once the RRC connection is established to the target node the UE detaches from the source node. 
Proposal 1:  During a handover of the source MgNB, it should be possible to establish a radio connection to the target MgNB before the RRC connection to the source node is released.  
Proposal 2: During handover, the UE may have a radio link to both the source and the target MgNB, but there is only has one RRC connection at a time with either the source or the target MgNB.
Proposal 3:  In order to minimize the probability of RLF, the UE can send duplicate packets (data and RRC signalling) to both source and target MgNBs.  In this case, during a handover, an RLF is declared only if connections to both source and target nodes fail. 
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
Based on the above discussion, we propose the following:
Proposal 1:  During a handover of the source MgNB, it should be possible to establish a radio connection to the target MgNB before the RRC connection to the source node is released.  
Proposal 2: During handover, the UE may have a radio link to both the source and the target MgNB, but there is only has one RRC connection at a time with either the source or the target MgNB.
Proposal 3:  In order to minimize the probability of RLF, the UE can send duplicate packets (data and RRC signalling) to both source and target MgNBs.  In this case, during a handover, an RLF is declared only if connections to both source and target nodes fail. 
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