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1. Introduction 
In this contribution, we discuss the HO signaling procedure enhancements and control plane handling clarifications required to support NR Make-Before-Break HO. 
2. Discussion
New WI “NR mobility enhancements” [1] specifies in the objectives to use LTE make-before-break solution as the baseline for NR Make-Before-Break HO. However, the LTE Rel.14 MBB HO solution has the below limitations: 
1. Does not clearly specify when UE can release the source cell connection
2. There is no clear mechanism defined for how long Source eNB will continue to transfer DL data during HO execution
3. How Single Stack LTE UE can maintain simultaneous DL/UL data transfer with Source eNB and at the same time configure & switch L2 stack from Source to Target eNB without any UP interruption 
4. How DL Data transfer can be handled without interruption (& reliably) during PDCP Anchor switch from Source to Target eNB 
In this contribution, we propose enhancements to the signaling procedures to address the control plane limitations 1,2 specified above. The enhancements to address the limitations 3,4 related to user plane are covered in our user plane contribution for MBB HO [2]. 
2.1. MBB HO signaling procedure
Figure 1 illustrates the signaling procedures to support Inter-CU MBB HO scenario. Intra-CU MBB HO signaling procedures are less complex as the source cell and target cell are controlled by the same CU and hence not covered in this document. However, it should be noted that the signaling messages sent to the UE during an Intra-CU HO would be similar to the messages described in this document, except for the security key change would not happen during Intra-CU MBB HO. Other than that, the key observations and proposals made in this contribution apply for Intra-CU MBB HO scenario as well. 



Figure 1 Inter-CU Make-Before-Break HO procedure
Below are the key enhancements required to the traditional HO procedures to support MBB HO:
· make-before-break-HO indication support:
· At step 3, the RRC Reconfiguration message includes the ‘make-before-break-HO’ indication to request the UE to perform MBB HO procedures. 
· On receiving the ‘make-before-break-HO’ indication, UE maintains the connection to the source cell even while establishing the connection to the target cell. That is, the UE can tx/rx data via the source cell between step3-5 without any interruption. 
· UL SRB/DRB Data Tx switch:
· Once RACH is successful on the target, UE has an option to tx SRB/DRB data on either the target cell connection or the source cell connection. We propose to switch the UL tx (both SRB/DRB tx) to the target cell connection similar to the traditional HO procedure, where the target cell connection is the only connection used for data tx. That is, once the UE has configured and established SRB1 for the target cell connection, UE transmits the RRC Reconfiguration complete on the SRB1 of the target cell connection as shown in step 5. 
· However, UE has to support the DL data reception on both connections as UE can receive DL data on both source and target links simultaneously before source gNB connection is released. This could happen if the source gNB retransmits the PDUs not Acked by RLC or duplicates the PDCP PDUs sent over Xn to the target gNB. 
· When to release source cell connection:
· In LTE MBB HO, it is left upto the UE implementation on when to stop the uplink transmission/ downlink reception with the source cell(s) to initiate re-tuning for connection to the target cell. This would result in inefficient resource usage of the source cell connection, if the UE has released the source cell connection even before the source cell has stopped DL data tx to the UE. Thus, we propose the network to explicitly indicate the source cell connection release to the UE. There are two possible options on how the source cell connection release is indicated. 
· Option 1: Target cell indicating the release of source cell connection 
· On receiving the RRC Reconfiguration complete message indicating the successful HO execution of the UE to the target cell, the target cell and source cell coordinate on when to stop the DL data tx on the source cell connection via step 6. The source cell sends SN Status Transfer message (step 7) to assist the target cell with the DL PDCP SN to use and the PDCP Status for the PDUs that have not been acknowledged. 
· Once the target cell receives the SN Status Transfer message, it knows that source cell has stopped data tx on the source cell connection. Thus, the target cell sends a RRC Reconfiguration message to indicate the UE to release the source cell connection
· UE releases the source cell connection as per the notification from the target gNB. This makes the UE behaviour deterministic and provides flexibility on the source gNB release trigger events to the network implementation.
· Option 2. Source cell indicating the release of the source cell connection
· An alternative option is for the UE to directly indicate the source cell about the successful HO execution, by sending an RRC message to the source cell. And, the source cell can stop data tx to source cell based on this message and send an indication to release the source cell connection to the UE (e.g. RRC Release message to UE).  
· We propose to adopt Option 1 for MBB HO procedure, as this option limits the switching of control signaling transmission between the source and target cell connections. It also aligns with the traditional HO principles of switching data tx to the target connection after RACH is successful on the target cell connection. 
[bookmark: _Ref536803002]Proposal 1. Traditional HO procedures are modified as below to support MBB HO:
1. Send ‘make-before-break-HO’ indication in the RRC Reconfiguration message sent to the UE
1. UE maintains the connection (i.e. data tx/rx) to the source cell while establishing the connection (i.e. sync, access) to the target cell
1. UE switches the UL data tx to the target cell connection on successful completion of RACH procedure or on successful reception of a PDCCH transmission in case of RACH-Less HO
1. UE supports reception of data on both source cell and target cell connection until source cell connection is released
a. Target cell sends a source cell connection release message to the UE 
[bookmark: _Ref536803003]Proposal 2. Target cell and source cell coordinate on when to release the source cell connection, and, to initiate data forwarding/PDCP SN status transfer from source gNB to target gNB.
[bookmark: _Ref536803004]Proposal 3. Source gNB and target gNB coordinate during an MBB HO to transmit the control signaling RRC message to release the source cell connection only on the target cell after the target cell connection is setup. 
2.2. Control plane handling
In traditional HO, UE releases the source connection on receiving the RRC Reconfiguration message indicating the UE to perform handover. UE uses the target RRC configuration information received in the HO message to connect to the target cell. Thus, during a traditional HO, UE only maintains one set of RRC configuration and one set of SRBs (either the source cell or the target cell) at any time. 
During a Make-Before-Break HO, the UE does not release the source cell connection on receiving the HO message. Instead, the UE maintains the source cell connection while establishing the target cell connection. Thus, there is a period during which the UE has both connections active and can transmit/receive on either or both connections. To avoid confusion, it is necessary to clarify in the specifications on how to handle the RRC configuration information for both the cells and the SRBs during MBB HO.
[bookmark: _Ref536803000]Observation 1. Simultaneous connectivity with source cell and target cell during MBB HO results in ambiguity on RRC configuration and SRB handling.
[bookmark: _Ref536803001]Observation 2. RAN2 should discuss and define the RRC configuration handling and SRB handling during MBB HO.
As the UE maintains the source cell connection, till the network requests the UE to release the source cell connection, UE has to be prepared to receive/transmit data on the source cell connection while it is active. To support this, the UE has to maintain the source cell RRC configuration along with the target cell RRC configuration even after receiving the MBB HO message.
[bookmark: _Ref536803005]Proposal 4. UE maintains the source cell RRC configuration information until the source connection is released during an MBB HO.
Similar to a traditional HO, we think that the UE can stop monitoring the source cell SRBs on receiving the MBB HO Command and transmit/receive the RRC messages on the target cell SRBs. To minimize mobility interruption, UE continues data tx/rx on the source DRBs until the target cell connection is setup. After the MBB HO execution, the target cell connection is a better connection for data tx than the source cell connection and  and UL Data tx should be switched to the target cell connection.. 
[bookmark: _Ref536803006]Proposal 5. RRC messages are transmitted and received on the SRBs associated with the source cell until the RRC Reconfiguration message for MBB HO is received.
[bookmark: _Ref536803007]Proposal 6. RRC messages are transmitted and received only on the SRBs associated with the target cell during MBB HO execution. 
In case of traditional HO, when the HO fails, UE performs RRC Reestablishment as there is no other active connection. However, in case of the MBB HO, as UE has the source cell connection active, we propose that UE fallback to the source cell connection and perform data tx on the source cell connection. This reduces the occurrence of RRC Reestablishment during MBB HO and hence reduces the mobility interruption time. More details on RLM and RLF handling during MBB HO are discussed in our companion paper [3].
[bookmark: _Ref536803008]Proposal 7. UE fallback to source cell connection and transmit RRC messages on the SRBs associated with the source cell when MBB HO fails.
During a traditional HO, UE releases the source cell connection and hence stops performing source cell RRM procedures, paging monitoring for SI updates, ETWS, CMAS indications on receiving the RRC Reconfiguration message (reconfiguration with sync) from source gNB. In case of MBB HO, as the UE maintains the source cell connection while establishing the target connection, there is a possibility for the UE to receive the SI updates, ETWS, CMAS notifications on the source cell by continuing the paging monitoring on source cell.  Also, the UE could continue RRM on the source cell to trigger changes to the ongoing HO procedure. However, supporting these additional procedures on the source cell while performing MBB HO with the target cell introduces additional complexity with no substantial benefit compared to the traditional HO. Thus, we think that it is simple to suspend these procedures on the source cell after the MBB HO command is received similar to traditional HO.
[bookmark: _Ref4532199]Proposal 8. On receiving the RRC Reconfiguration (reconfiguration with sync) message from source cell for MBB HO, UE shall stop source cell RRM procedures, Paging monitoring for SI updates, ETWS, CMAS notifications and release the source cell configured measurement gaps. 
3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. Simultaneous connectivity with source cell and target cell during MBB HO results in ambiguity on RRC configuration and SRB handling.
Observation 2. RAN2 should discuss and define the RRC configuration handling and SRB handling during MBB HO.
Proposal 1. Traditional HO procedures are modified as below to support MBB HO:
a. Send ‘make-before-break-HO’ indication in the RRC Reconfiguration message sent to the UE
b. UE maintains the connection (i.e. data tx/rx) to the source cell while establishing the connection (i.e. sync, access) to the target cell
c. UE switches the UL data tx to the target cell connection on successful completion of RACH procedure or on successful reception of a PDCCH transmission in case of RACH-Less HO
d. UE supports reception of data on both source cell and target cell connection until source cell connection is released
b. Target cell sends a source cell connection release message to the UE 
Proposal 2. Target cell and source cell coordinate on when to release the source cell connection, and, to initiate data forwarding/PDCP SN status transfer from source gNB to target gNB.
Proposal 3. Source gNB and target gNB coordinate during an MBB HO to transmit the control signaling RRC message to release the source cell connection only on the target cell after the target cell connection is setup.
Proposal 4. UE maintains the source cell RRC configuration information until the source connection is released during an MBB HO.
Proposal 5. RRC messages are transmitted and received on the SRBs associated with the source cell until the RRC Reconfiguration message for MBB HO is received. .
Proposal 6. RRC messages are transmitted and received only on the SRBs associated with the target cell during MBB HO execution. .
Proposal 7. UE fallback to source cell connection and transmit RRC messages on the SRBs associated with the source cell when MBB HO fails.
Proposal 8. On receiving the RRC Reconfiguration (reconfiguration with sync) message from source cell for MBB HO, UE shall stop source cell RRM procedures, Paging monitoring for SI updates, ETWS, CMAS notifications and release the source cell configured measurement gaps.
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