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1	Introduction
[bookmark: _GoBack]In the work item for NR Mobility Enhancements [1], the objectives include reduction in interruption time during both HO and SCG change. The LTE mobility enhancements should be used as baseline, where make-before-break and RACH-less were introduced in Rel-14 to decrease the interruption at both HO and SCG change. The signalling for an SN change at MR-DC however differs from the one at E-UTRA SeNB change and the signalling for make-before-break in LTE Rel-14 can therefore not be reused in NR. In this contribution we discuss the signalling aspects of an MR-DC SCG change procedure with minimal interruption.

[bookmark: _Ref178064866]2	Discussion
2.1	Procedure to decrease interruption at SCG change
Two main concepts have been discussed to decrease the interruption at a handover, an enhanced make-before-break (eMBB) or a DC based solution. In both cases the UE will have a dual active connection for some time during the handover procedure. In the DC based solution the UE is however configured with Dual Connectivity (DC) during the handover, i.e. an SCG is configured for the target cell in order to then be switched to become the MCG during the handover.
In the case of the SCG change procedure, to use a DC based solution would thus mean that the UE would be configured with a further 2nd SCG, which then would be switched to become the “1st SCG” during the SCG change procedure. During the procedure the UE would thus need to be configured with an MCG and two separate SCGs, i.e. a Multi Connectivity configuration. To cater for an SCG change procedure the related signalling procedure will then also become a lot more complex for a DC based solution.
In order to achieve an SCG change procedure with minimal interruption we should therefore consider an (enhanced) make-before-break solution.
[bookmark: _Toc16688247]To use a DC based solution for SCG change would mean that the UE needs to be configured with an MCG and two separate SCGs during the procedure.

2.2	E-UTRA SeNB change procedure
In LTE Rel-14 the Make-Before-Break and RACH-less features were added to the SeNB change procedure in order to minimize the interruption. The SeNB change procedure is described in stage-2 and is copied here (from 36.300 v15.6.0):
[bookmark: _Toc12642646]10.1.2.8.4	Change of SeNB
The change of SeNB procedure is initiated by MeNB and used to transfer a UE context from a source SeNB to a target SeNB and to change the SCG configuration in UE from one SeNB to another.


Figure 10.1.2.8.4-1: Change of SeNB
Figure 10.1.2.8.4-1 shows an example signalling flow for the Change of SeNB:
1/2.	The MeNB initiates the change of SeNB by requesting the target SeNB to allocate resources for the UE by means of the SeNB Addition Preparation procedure. MeNB includes the SCG configuration of the old SeNB in the SeNB Addition Request. If forwarding is needed, the target SeNB provides forwarding addresses to the MeNB.

If RACH-less SeNB Change is configured, the target SeNB includes timing adjustment indication and optionally a preallocated uplink grant in the container.
3.	If the allocation of target SeNB resources was successful, the MeNB initiates the release of the source SeNB resources towards the UE and the source SeNB. In case Make-Before-Break SeNB change is configured, the source SeNB decides when to stop transmitting to the UE. If data forwarding is needed the MeNB provides data forwarding addresses to the source SeNB. Either direct data forwarding or indirect data forwarding is used for SCG bearer. Only indirect data forwarding is used for Split bearer. Reception of the SeNB Release Request message triggers the source SeNB to stop providing user data to the UE and, if applicable, to start data forwarding.
4/5.	The MeNB triggers the UE to apply the new configuration. The MeNB indicates the new configuration in the RRCConnectionReconfiguration message towards the UE. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
If Make-Before-Break SeNB change is configured, the connection to the source SeNB is maintained after the reception of RRCConnectionReconfiguration message with mobilityControlInfoSCG before the UE executes initial uplink transmission to the target cell.
NOTE:	The UE can be configured with Make-Before-Break SeNB change and RACH-less SeNB change simultaneously.
6.	If the RRC connection reconfiguration procedure was successful, the MeNB informs the target SeNB.
7.	The UE synchronizes to the target SeNB.

If RACH-less SeNB Change is configured, the preallocated uplink grant may be included in the RRCConnectionReconfiguration message. If the preallocated uplink grant is not included, the UE should monitor PDCCH of the target SeNB for uplink grant. The SeNB Change procedure is completed for the UE when the UE receives the UE contention resolution identity.
8/9.	If applicable, data forwarding from the source SeNB takes place. It may be initiated as early as the source SeNB receives the SeNB Release Request message from the MeNB.
10-14.	If one of the bearer contexts was configured with the SCG bearer option at the source SeNB, path update is triggered by the MeNB.
15.	Upon reception of the UE Context Release message, the source SeNB can release radio and C-plane related resource associated to the UE context. Any ongoing data forwarding may continue.

In case the UE is configured with a Make-Before-Break SeNB change, the connection to the source SeNB is thus maintained also after reception of the RRCConnectionReconfiguration message, similar as for a Make-Before-Break Handover. In case of a Make-Before-Break SeNB change, the source SeNB is however not involved in the configuration. Instead it is the MeNB that decides whether to configure a Make-Before-Break SeNB change or not, even if it the connection to the SeNB that is to be maintained for a longer time during the procedure. The reason is that the source SeNB only receives a SeNB Release Request message during the procedure, without any response to the MeNB. There is thus no signaling from the source SeNB to the MeNB before the RRCConnectionReconfiguration message is sent to the UE. The source SeNB is instead informed about the use of Make-Before-Break during the SeNB change procedure in the SeNB Release Request message from the MeNB.
A Make-Before-Break SeNB change may thus be configured by the MeNB even if the source SeNB, to which the connection is to be maintained during the procedure, does not intend to support it. This could be due to e.g. the current load situation and/or the current radio situation for the UE in that cell. The MeNB may also configure Make-Before-Break SeNB change even if the source SeNB does not support Make-Before-Break.
[bookmark: _Toc16688248]In LTE, there is no signaling from the source SeNB to the MeNB before the MeNB sends the RRCConnectionReconfiguration message (configuring the SeNB change) to the UE.
[bookmark: _Toc16688249]In LTE, the source SeNB is informed about the use of Make-Before-Break during the SeNB change procedure in the SeNB Release Request message from the MeNB.
[bookmark: _Toc16688250]In LTE, the SeNB is not involved in the configuration of the SeNB change. Instead it is the MeNB that configures whether to use Make-Before-Break during the SeNB change procedure.
[bookmark: _Toc16688251]In LTE, a Make-Before-Break SeNB change may be configured even if the source SeNB does not intend to maintain the connection during the procedure.
[bookmark: _Toc16688252]In LTE, a Make-Before-Break SeNB change may be configured even if the source SeNB does not support Make-Before-Break.

2.3	SN change at MR-DC
For MR-DC with 5GC there are two different procedures for SN change, one that is initiated by the MN and one that is initiated by the source SN. The procedures are described in stage-2 and copied here (from 37.340 v15.6.0):
[bookmark: _Toc12630283]10.5.2	MR-DC with 5GC
MN initiated SN Change
The MN initiated SN change procedure is used to transfer a UE context from the source SN to a target SN and to change the SCG configuration in UE from one SN to another.
The Secondary Node Change procedure always involves signalling over MCG SRB towards the UE.


Figure 10.5.2-1: SN change procedure - MN initiated
Figure 10.5.2-1 shows an example signalling flow for the SN Change initiated by the MN:
1/2.	The MN initiates the SN change by requesting the target SN to allocate resources for the UE by means of the SN Addition procedure. The MN may include measurement results related to the target SN. If data forwarding is needed, the target SN provides data forwarding addresses to the MN. The target SN includes the indication of the full or delta RRC configuration.
NOTE 1:	The MN may send the SN Modification Request message (to the source SN) to request the current SCG configuration and allow provision of data forwarding related information before step 1.
3.	If the allocation of target SN resources was successful, the MN initiates the release of the source SN resources including a Cause indicating SCG mobility. The Source SN may reject the release. If data forwarding is needed the MN provides data forwarding addresses to the source SN. If direct data forwarding is used for SN terminated bearers, the MN provides data forwarding addresses as received from the target SN to source SN. Reception of the SN Release Request message triggers the source SN to stop providing user data to the UE and, if applicable, to start data forwarding.
4/5.	The MN triggers the UE to apply the new configuration. The MN indicates the new configuration to the UE in the MN RRC reconfiguration message including the target SN RRC reconfiguration message. The UE applies the new configuration and sends the MN RRC reconfiguration complete message, including the SN RRC response message for the target SN, if needed. In case the UE is unable to comply with (part of) the configuration included in the MN RRC reconfiguration message, it performs the reconfiguration failure procedure.
6.	If the RRC connection reconfiguration procedure was successful, the MN informs the target SN via SN Reconfiguration Complete message with the included SN RRC response message for the target SN, if received from the UE.
7.	If configured with bearers requiring SCG radio resources the UE synchronizes to the target SN.
8.	For SN terminated bearers using RLC AM, the source SN sends the SN Status transfer, which the MN sends then to the target SN.
9.	If applicable, data forwarding from the source SN takes place. It may be initiated as early as the source SN receives the SN Release Request message from the MN.
10.	The source SN sends the Secondary RAT Data Usage Report message to the MN and includes the data volumes delivered to and received from the UE as described in clause 10.11.2.
NOTE 2:	The order the SN sends the Secondary RAT Data Usage Report message and performs data forwarding with MN is not defined. The SN may send the report when the transmission of the related QoS flow is stopped.
11-15.	If the user plane resource configuration was terminated at the source SN, path update procedure is triggered by the MN.
16.	Upon reception of the UE Context Release message, the source SN can release radio and C-plane related resource associated to the UE context. Any ongoing data forwarding may continue
SN initiated SN Change
The SN initiated SN change procedure is used to transfer a UE context from the source SN to a target SN and to change the SCG configuration in UE from one SN to another.


Figure 10.5.2-2: SN change procedure - SN initiated
Figure 10.5.2-2 shows an example signalling flow for the SN Change initiated by the SN:
1.	The source SN initiates the SN change procedure by sending the SN Change Required message, which contains a candidate target node ID and may include the SCG configuration (to support delta configuration) and measurement results related to the target SN.
2/3.	The MN requests the target SN to allocate resources for the UE by means of the SN Addition procedure, including the measurement results related to the target SN received from the source SN. If data forwarding is needed, the target SN provides data forwarding addresses to the MN. The target SN includes the indication of the full or delta RRC configuration.
4/5.	The MN triggers the UE to apply the new configuration. The MN indicates the new configuration to the UE in the MN RRC reconfiguration message including the SN RRC reconfiguration message generated by the target SN. The UE applies the new configuration and sends the MN RRC reconfiguration complete message, including the SN RRC response message for the target SN, if needed. In case the UE is unable to comply with (part of) the configuration included in the MN RRC reconfiguration message, it performs the reconfiguration failure procedure.
6.	If the allocation of target SN resources was successful, the MN confirms the change of the source SN. If data forwarding is needed the MN provides data forwarding addresses to the source SN. If direct data forwarding is used for SN terminated bearers, the MN provides data forwarding addresses as received from the target SN to source SN. Reception of the SN Change Confirm message triggers the source SN to stop providing user data to the UE and, if applicable, to start data forwarding.
7.	If the RRC connection reconfiguration procedure was successful, the MN informs the target SN via SN Reconfiguration Complete message with the included SN RRC response message for the target SN, if received from the UE.
8.	The UE synchronizes to the target SN.
9.	For SN terminated bearers using RLC AM, the source SN sends the SN Status transfer, which the MN sends then to the target SN.
10.	If applicable, data forwarding from the source SN takes place. It may be initiated as early as the source SN receives the SN Change Confirm message from the MN.
11.	The source SN sends the Secondary RAT Data Usage Report message to the MN and includes the data volumes delivered to and received from the UE as described in clause 10.11.2.
NOTE 3:	The order the SN sends the Secondary RAT Data Usage Report message and performs data forwarding with MN/target SN is not defined. The SN may send the report when the transmission of the related QoS flow is stopped.
12-16.	If the user plane resource configuration was terminated at the source SN, path update procedure is triggered by the MN.
17.	Upon reception of the UE Context Release message, the source SN can release radio and C-plane related resource associated to the UE context. Any ongoing data forwarding may continue.

In both the MR-DC SN change procedures there is thus signalling from the source SN to the MN before the transmission of the RRC Reconfiguration message to the UE. In the MN initiated procedure, there is an SN Release Request Acknowledgement message sent from the source SN to the MN before the MN sends the RRC Reconfiguration message to the UE. In the SN initiated procedure, it is the source SN that initiates the whole procedure by transmitting the SN Change Required message to the MN.
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc16688253]In the MN initiated SN change procedure, the source SN sends an SN Release Request Acknowledgement message to the MN before transmission of the RRC Reconfiguration message to the UE.
[bookmark: _Toc16688254]In the SN initiated SN change procedure, the source SN transmits the SN Change Required message to the MN in order to initiate the procedure.

2.4	MR-DC SN change with minimal interruption
As discussed above, there is signalling from the source SN to the MN before the RRC Reconfiguration message, configuring an SN change, is sent to the UE. The source SN can thus decide whether (enhanced) Make-Before-Break should be configured for the SN change procedure, or at least indicate whether it considers it useful. The corresponding indications should then be introduced in the corresponding signals.
In the SN initiated SN change procedure the source SN can trigger the use of Make-Before-Break during the SN change procedure by including such an indication in the SN Change Required message. The involvement of the target node for the Make-Before-Break configuration should however also, as far as possible, be aligned with the Reconfiguration with Sync case. The MN should thus include any needed Make-Before-Break related information to the target SN in the SN Addition Request message. The target SN should then include any related configuration, such as the Make-Before-Break indication to the UE, in the SN Addition Request Acknowledgement message. If there is information from the target SN that is needed by the source SN for Make-Before-Break it should then be transmitted in the SN Change Confirm message. In that case, there will be a need for Make-Before-Break related information both in the CG-Config (defined in 38.331) and in the XnAP message. The details of the XnAP messages should then be checked with RAN3.
In the MN initiated case the procedure is initiated by the MN first sending a request to the target SN for allocation of the resources, followed by a request to the source SN to release its resources. This implies that in this case it should probably be the MN that triggers the use of Make-Before-Break during the SN change procedure.  The MN then includes a Make-Before-Break configuration in the SN Addition Request to the target SN and in the SN Release Request message to the source SN.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc16688255]In the SN initiated SN change procedure, the source SN should also trigger the use of Make-Before-Break.
[bookmark: _Toc16688256]In the MN initiated SN change procedure, the MN should trigger the use of Make-Before-Break.
[bookmark: _Toc16688257]A Make-Before-Break configuration should be added to the SN Change Required message. This is to be checked with RAN3.
[bookmark: _Toc16688258]A Make-Before-Break configuration should be added to the SN Addition Request message. This is to be checked with RAN3.
[bookmark: _Toc16688259]A Make-Before-Break configuration should be added to the CG-Config in 38.331.
[bookmark: _Toc16688260]A Make-Before-Break configuration should be added to the SN Release Request message. This is to be checked with RAN3.

One question for the MN initiated procedure concerns whether it is needed to change the target SN RRC reconfiguration message (received in SN Addition Request Acknowledgement) in case the source SN rejects the use of Make-Before-Break. The situation could be avoided by instead letting the MN first perform the signalling to the source SN if Make-Before-Break is to be performed or handled by letting the MN update the target SN RRC reconfiguration message that is sent to the UE in case Make-Before-Break is not to be used. Such solutions however tend to become rather complex and we therefore think they should be avoided. The case that the source SN rejects the use of the Make-Before-Break configuration should anyway be rare and could then instead be handled e.g. through a restart of the SCG change procedure.
3	Conclusion
In the previous sections we made the following observations:
Observation 1	To use a DC based solution for SCG change would mean that the UE needs to be configured with an MCG and two separate SCGs during the procedure.
Observation 2	In LTE, there is no signaling from the source SeNB to the MeNB before the MeNB sends the RRCConnectionReconfiguration message (configuring the SeNB change) to the UE.
Observation 3	In LTE, the source SeNB is informed about the use of Make-Before-Break during the SeNB change procedure in the SeNB Release Request message from the MeNB.
Observation 4	In LTE, the SeNB is not involved in the configuration of the SeNB change. Instead it is the MeNB that configures whether to use Make-Before-Break during the SeNB change procedure.
Observation 5	In LTE, a Make-Before-Break SeNB change may be configured even if the source SeNB does not intend to maintain the connection during the procedure.
Observation 6	In LTE, a Make-Before-Break SeNB change may be configured even if the source SeNB does not support Make-Before-Break.
Observation 7	In the MN initiated SN change procedure, the source SN sends an SN Release Request Acknowledgement message to the MN before transmission of the RRC Reconfiguration message to the UE.
Observation 8	In the SN initiated SN change procedure, the source SN transmits the SN Change Required message to the MN in order to initiate the procedure.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In the SN initiated SN change procedure, the source SN should also trigger the use of Make-Before-Break.
Proposal 2	In the MN initiated SN change procedure, the MN should trigger the use of Make-Before-Break.
Proposal 3	A Make-Before-Break configuration should be added to the SN Change Required message. This is to be checked with RAN3.
Proposal 4	A Make-Before-Break configuration should be added to the SN Addition Request message. This is to be checked with RAN3.
Proposal 5	A Make-Before-Break configuration should be added to the CG-Config in 38.331.
Proposal 6	A Make-Before-Break configuration should be added to the SN Release Request message. This is to be checked with RAN3.
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