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1 Introduction
As a simplification, RAN2 agreed that the SCG change to be used for radio signaling for a number of procedures, PSCell change, Security update, DRB type change, SeNB change and synchronous parameter reconfiguration. Over X2 interface, either SeNB modification procedure or SeNB change procedure are to be used depending on the end-to-end procedure. Use of SCG change for reasoning other than DRB type change doesn’t require the bearer path to be changed even though L2 is reestablished due to SCG change. The network should take appropriate method to minimize the service interruption when performing SCG change. In this paper, we analysis the impact on data delivery due to SCG change and discuss how to minimize the service interruption.
2 Discussion

We have agreed on the following with respect to the SCG change in the previous RAN2 meetings..

0. Support DRB type change only with SCG change. During the SCG change, PDCP and RLC layers are re-establish and MAC is reset for SCG. 
1
Split->MCG: RLC is re-established and released. 

2
SCG->MCG: PDCP and RLC are re-established (not released). 

3
Split->Split: RLC is re-established (not released). (This is not applicable to the change of the UL direction)

4
SCG-SCG: PDCP and RLC are re-established (not released)

5
Delta signalling works for the cases above

6
Full DRB release: Existing DRB release signalling from the MCG as it is today. 

Because of the L2 re-establishment during the SCG change, all of the bearers served by the SeNB are impacted regardless of whether it is SCG bearer or split bearer. When RLC configured for SCG is released/re-established, UE triggers PDCP status report for the split bearer, if configured to send PDCP status report. Upon the reconfiguration from MCG bearer to SCG bearer and SCG bearer to MCG bearer, UE triggers PDCP status report for the SCG bearer, if configured to send PDCP status report. With the agreement for SCG change for bearer type change, the UE triggers PDCP status report for the SCG and split bearer upon the L2 re-establishment during the SCG change. The UE provided PDCP status reports, if provided, can be used for data recovery resulted from the L2 re-establishment.  However, the UE provided PDCP status reporting is optional. Therefore, the network should take care to avoid data loss/duplication when SCG change is performed.
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Figure 1: SeNB Modification procedure - SeNB initiated.

User case for the SCG change are PSCell change, S-KeNB re-keying, Bearer type change, etc. taken PSCell change as an example, PSCell change is performed using SeNB modification over the X2 as shown in Figure 1. All the bearers served by the SeNB may continue after the PSCell change. In Figure 1, the SeNB generates the SCG-Config with SCG change in step 1. In order to avoid the service interruption, the SeNB should communicate to the UE according to the old parameter as much as possible, until either the SeNB Modification Confirm or successful Random access from the UE. This is similar to the data delivery to the UE from source eNB during HO in legacy system. The UE may have applied the L2 re-establishment prior to the SeNB. If so, some packets transmitted are not received by the UE. On the other hand, if the network has performed the L2 re-establishment prior to the UE, the network re-starts the communication with the UE after the completion of SCG change, and this may cause more interruption to the service. However, similar to the legacy system, when to apply the L2 re-establishment at the network upon the initiation of SCG change can be left to the network implementation.
Proposal 1: upon initiating of the SCG change, the SeNB may continue the communication with the UE based on the old configuration for a period of time, where the period is left to the network implementation.

The UE providing PDCP status upon the L2 re-establishment is optional depending on the network configuration. If the PDCP status report from the UE is not available, the network should have mechanism to avoid data loss and minimise duplication especially on RLC AM bearers. In the legacy system HO, SN status report is provided to the target eNB to assist the communication in the target eNB. The SN status report is issued upon the transmission of RRCConnectionReconfiguration including mobilityControlInfo to the UE. The early provision of data forwarding and SN status is useful in preparing the target eNB for the UE communication and to consider X2 delay. The target eNB starts retransmitting data according to the SN status, which may result in duplicate transmission. However it is less problematic in the legacy system as the frequent HO is not common in legacy system. Compared to legacy HO, SCG change happens more often in DC configured UEs and the delay in executing the SCG change procedure is more. Therefore, frequent and more duplicate transmission can degrade the system performance and should be minimised. 

Proposal 2: Duplicate transmission due to SCG change should be minimised.
SCG change may or may not change the data path for bearers served by the SeNB. For split bearers which are continued in SeNB after SCG change, SCG RLC is re-established and the PDCP (at MCG) performs data recovery. Upon the SCG change, the SeNB should provide the SeNB status of the bearer to the MeNB. When split bearer is configured, the SeNB is configured to provide to the MeNB the PDCP SNs of the successfully delivered PDCP PDUs (based on RLC AM state in the SeNB) among the ones that it received from the MeNB. The same mechanism can be used to provide the SeNB status to the MeNB upon the SCG change for split bearers. 
As per proposal 1, since there can longer delay (than HO) between initiating the SCG change procedure and the actual completion due to X2 delay, it would be more useful to continue transmission to the UE after initiation.  It is possible for up to half of the PDCP sequence space to be in transit at the SeNB when the SCG change is initiated. Therefore, it is necessary to minimise the duplicate transmission.  In order to minimise the duplicate transmission, the SeNB status for split bearers (where split to MCG or split to split) should be provided at the time the SeNB stops the communication to the UE using the old configuration. The same concept can also be applied to split bearers which are changed to MCG upon the SCG change.
Proposal 3: for split bearer (where Split to MCG or split to split) upon the SCG change, the SeNB should provide to the MeNB the latest PDCP SNs of the successfully delivered PDCP PDUs (based on RLC AM state in SeNB) at the time the data transmission is stopped using old configuration.

For the SCG bearers which continue after SCG change, the PDCP is re-established at the SeNB, therefore there is not necessity for SN Status Transfer from SeNB to MeNB. For the SCG to MCG bearer change, the SeNB is required to provide the SN Status to the MeNB. similar to proposal 3, in order to minimise the duplicate transmission, the SN status for SCG bearer at SCG change (SCG to MCG change) can be provide to the MeNB at the time SeNB stops the communication to the UE using the old configuration. 

Proposal 4: for SCG bearer (where SCG to MCG change) upon the SCG change, the SeNB should provide to the MeNB the latest SN status at the time the data transmission is stopped using old configuration.

3 Conclusion 

This contribution discussed impacts on data delivery due to SCG change procedure. The following proposals were made.
Proposal 1: upon initiating of the SCG change, the SeNB may continue the communication with the UE based on the old configuration for a period of time, where the period is left to the network implementation.

Proposal 2: Duplicate transmission due to SCG change should be minimised.
Proposal 3: for split bearer (where Split to MCG or split to split) upon the SCG change, the SeNB should provide to the MeNB the latest PDCP SNs of the successfully delivered PDCP PDUs (based on RLC AM state in SeNB) at the time the data transmission is stopped using old configuration.

Proposal 4: for SCG bearer (where SCG to MCG change) upon the SCG change, the SeNB should provide to the MeNB the latest SN status at the time the data transmission is stopped using old configuration.
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