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1 Introduction
In RAN2#97 meeting, HO enhancements in single connectivity have been discussed and some agreements are as following:

Agreements
1
We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO.
Also, it has been further agreed in RAN2#97bis that:

· We will progress the basic HO mechanism for NR (not including LTE Rel-14-like mobility enhancements) and when stable we can discuss potential optimisations to target close to 0ms or 0ms interruption.
In this contribution, we will discuss how such a ‘0ms’ interruption handover could be achieved, when single Tx/Rx is applied. Also, a detailed solution is presented.
2 Discussion

2.1 Background

The definition of mobility interruption time could be found in section 7.7 of TR 38.913 as follows:

“Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.”

Also, the section states that the target for mobility interruption time should be 0ms. 
In the current LTE implementation, after sending the HO command (RRC Connection Reconfiguration including mobilityControlinformation) to the UE, the source eNB and UE stops U-plane data communication between each other, then source eNB forwards the stored PDCP SDUs with/without SNs attached to the target eNB. Only after finishing the synchronization and RACH process to the target eNB, the UE starts the U-plane data communication with RAN again, which is considered as the main cause of the interruption time occurred in the HO procedure. To maintain the continuity of downlink transmission between the source eNB and the target eNB, the SN of the first downlink packet unacknowledged by the UE yet is sent to target eNB by the source eNB as well. Note that, the SN transfer should be done before the UE finishes RACH process to the target eNB. However, when is the exact time to do it is an implementation issue without standardisation impact.
TDM is regarded as a possible approach to achieve ‘0ms’ interruption HO for NR. The changes to the current LTE HO implementation proposed by us in the next section assumes that the TDM does works in mobility scenario. In addition, both links between the two gNBs and the UE could be maintained at an accept level during HO. Otherwise, ‘0ms’ interruption HO requirement makes no sense. One use case could be the UE executing the HO in an area covered by both gNBs, and the overlapping coverage area of these two gNBs is large enough as well. 
2.2 The enhancements required for ‘0ms’ interruption HO
The default configuration of UEs to implement LTE HO is single Tx/Rx. We propose to make some enhancements to the LTE HO to support ‘0ms’ interruption HO. The enhancement version supports the single Tx/Rx configuration inherently.
The first change is that the source gNB needs to continue the downlink data transmission towards the UE via air interface after sending the HO command to the UE, until the radio resources are released. As a result, the downlink data is split into two parts. While part of them being transmitted to the UE by the source gNB directly, other data is forwarded to the target gNB. Note that one improvement could be made is to forward data to the target gNB as soon as possible. One benefit of forwarding data to the target gNB as soon as possible, e.g., sending HO command to the UE and forwarding data to the target gNB simultaneously, is to ensure the availability of downlink data at the target gNB without uncertainty when it gets authority to start downlink transmission towards the UE. Note that the source gNB does not have any knowledge of when the RACH process could be finished between the UE and the target gNB. Suppose there are N PDCP packets stored in the source gNB before transmitting HO command to the UE and the SN of the first PDCP packet is 1, as a result, the set of data labelled with {M, M+1, …, N} should be forwarded to the target gNB, where M is denoted as the SN of the first packet estimated to be transmitted by the target gNB to the UE. When the estimation is not available at the source gNB or is not valid, the safest way is to forward all PDCP packets stored to the target gNB, i.e., M = 1. To maintain the continuity of the downlink transmission, the SN of the first PDCP SDU to be forwarded via Xn interface should be notified to the target gNB also. In addition, the subsequent downlink data received via the NG interface should be forwarded via the source gNB to the target gNB as well, before the NG path switch is finished. 

Proposal 1: the source gNB needs to continue the downlink data transmission towards the UE via air interface after sending the HO command to the UE, until the radio resources are released. 

Proposal 2: After sending HO command to the UE, forwarding data to target gNB as soon as possible (e.g., sending HO command to the UE and forwarding data to the target gNB simultaneously) for achieving ‘0ms’ interruption HO.
Observation 1: the benefit of forwarding data to the target gNB as soon as possible, e.g., just after HO command is sent, is to ensure the availability of the downlink data at the target gNB without uncertainty when it gets authority to start downlink transmission towards the UE.
Observation 2: the source gNB does not have any knowledge of when the RACH process could be finished between the UE and the target gNB.
Since the source gNB continues transmitting the downlink data to the UE via air interface after sending the HO command, some of the data forwarded to the target gNB already might become redundancy. The target gNB might desire to delete them to save the transmission resource. To achieve this, SNs of the PDCP PDUs acknowledged by the UE could be notified to the target gNB in a real-time fashion on Xn interface as the reference information as well, which is regarded as the second change.

Proposal 3: after sending HO command to UE, SNs of the PDCP PDUs acknowledged by the UE should be notified to the target gNB by the source gNB via Xn interface, until the source gNB receives status report from the target gNB as the confirmation of the success of HO. 
Thirdly, after the UE finishes the RACH process and then transmits the RRC Connection Reconf. Complete to the target gNB, there are two options available: 

1.  target gNB starts transmission of the downlink data immediately from the first packet received via the Xn interface.
2.  target gNB starts transmission of the downlink data immediately from the packet unacknowledged by the UE yet during the RACH procedure, which could be derived  from the real-time SN status transfer received from the source gNB.  
The decision of which of the two options to be adopted should be made depending on the network implementation: whether or not the real-time SN transfer as presented as the second change has been applied. If the answer is no, then the option 2 should be chosen. Otherwise, the option 1 should be taken. Namely, it is the third change should be made to the current LTE HO mechanism.

Observation 3: Another benefit of real-time SN transfer is to let the target gNB reduce or avoid transmission of redundant packets already received by UE over air interface with the best effort. 

Last but not least, to let the downlink transmission status be synchronised between the source gNB and the target one, after the target gNB has started downlink transmission towards the UE, the SN enquiry is sent from the target gNB to the source gNB. Then the source gNB responses with a SN status report, notifying the target gNB of the packet from which downlink transmission to the UE via air interface should start. That packet could be the first one not yet acknowledged by the UE at that particular time moment. Once upon receiving the SN status report, the target gNB could make an adjustment of downlink transmission accordingly. Besides that, the target gNB could trigger the UE to stop receiving the downlink data from the source gNB and release the related resources (detach from the source gNB).
Proposal 4: SN enquiry is required to be sent to the source gNB from the target gNB, after the target gNB receives the RRC Connection Reconfiguration Complete message from the UE.  

Proposal 5: Once upon receiving the SN enquiry, the source gNB responses the target gNB with a SN report to let the target gNB be synchronised with the downlink transmission status of the source gNB.

Proposal 6: Once upon receiving the SN report, the source gNB could choose to trigger the UE to stop receiving the downlink data from the source gNB and release the related resources (detach from the source gNB).
2.3 A detailed possible solution
Based on the analysis given in the section 2.2, a detailed possible solution could be given, as follows:
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Figure 1: a detailed solution of ‘0ms’ interruption HO

In the figure 1, the enhancements to the current LTE HO are highlighted with red eclipse. Note that to achieve a HO as shown in the figure 1, the UE is required to communicate with the two gNBs by applying TDM approach.
3. Conclusions
Observation 1: the benefit of forwarding data to the target gNB as soon as possible, e.g., just after HO command is sent, is to ensure the availability of the downlink data at the target gNB without uncertainty when it gets authority to start downlink transmission towards the UE.
Observation 2: the source gNB does not have any knowledge of when the RACH process could be finished between the UE and the target gNB.
Observation 3: Another benefit of real-time SN transfer is to let the target gNB reduce or avoid transmission of redundant packets already received by UE over air interface with the best effort. 

Proposal 1: the source gNB needs to continue the downlink data transmission towards the UE via air interface after sending the HO command to the UE, until the radio resources are released. 

Proposal 2: After sending HO command to the UE, forwarding data to target gNB as soon as possible (e.g., sending HO command to the UE and forwarding data to the target gNB simultaneously) for achieving ‘0ms’ interruption HO.
Proposal 3: after sending HO command to UE, SNs of the PDCP PDUs acknowledged by the UE should be notified to the target gNB by the source gNB via Xn interface, until the source gNB receives status report from the target gNB as the confirmation of the success of HO. 
Proposal 4: SN enquiry is required to be sent to the source gNB from the target gNB, after the target gNB receives the RRC Connection Reconfiguration Complete message from the UE.   

Proposal 5: Once upon receiving the SN enquiry, the source gNB responses the target gNB with a SN report to let the target gNB be synchronised with the downlink transmission status of the source gNB.

Proposal 6: Once upon receiving the SN report, the source gNB could choose to trigger the UE to stop receiving the downlink data from the source gNB and release the related resources (detach from the source gNB).
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