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1. Introduction
In the last RAN2 meeting, it was agreed that dedicated RRC signalling is used to acquire SI of SCG cells. While it is still FFS how the change of SI is provided to the UE (e.g. whether SI changes of SCG cells are handled by removal + addition of the concerning cell and whether that can be done with one RRC procedure). 
This paper discusses the above open issues and concludes as follows:

For SCG SCell SI change case, it is feasible to provide UE the updated SI by removal + addition of the concerning SCG cell. For pSCell SI change case, it is feasible to provide UE the updated SI by removal + addition of the whole SCG. The removal + addition can be done with a single RRC procedure for both cases.
2. Discussion
In this section, we discuss the SCG SCell SI change case and the pSCell SI change separately.  
2.1. Scenario1: SCG SCell SI change
In CA, E-UTRAN provides, via dedicated RRC signalling message, all system information relevant for operation in RRC_CONNECTED when adding the SCell. Upon change of the relevant system information of a SCell, E-UTRAN releases and subsequently adds the concerned SCell to deliver UE the updated system information of the cell. 

We assume the above cell removal + addition principle can be applied for DC UEs to handle the change of SI in SCG SCells, since the SCG SCells in DC and SCells in CA share a lot of common characteristics, especially that dedicated RRC signalling is adopt to deliver SI in both cases.   
Figure 1 shows an example signaling flow for E-UTRAN to deliver UE the updated SI after a SCG SCell changes its SI.
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Figure 1 Deliver UE the updated SI of a configured SCG SCell（separate RRC procedures）
1~4. Upon updating system information, the SeNB starts a SCell SI delivery procedure by removing the concerned SCell from the UE’s SCG via a SCG modification procedure. And the cause value in the SCG Modification Request message is set to “SI update”, which indicates the MeNB that the concerned cell needs to be re-added later.
5.  If the SCell removal is successful, the MeNB starts a SCG SCell addition procedure to re-add the SCG SCell removed just now. 
6~9. In the SCG Modification Request message, the SeNB includes the latest SI as well as other related information of the concerned SCell to be added in a RRC container, which will be forwarded to UE in RRCConnectionReconfiguration message by the MeNB. Upon reception of the SCG Modification Response, the SeNB confirms that the UE has obtained the latest SI of the concerned SCell.
Observation1a: Upon change of system information of a configured SCG SCell, E-UTRAN can provide the updated system information to UE by two separate RRC procedures, i.e. releasing and subsequently adding the concerned SCell.
According to the ongoing email discussion about “assistance information for SCG SCell addition”, few companies support to include desired SCells to be added in the assistance information from SeNB. Hence, there may be no way for SeNB to indicate MeNB the exact ID of SCG SCell it wants to add and MeNB needs to record the ID of SCG SCell released for SI update purpose by itself. Therefore, an indication e.g. a new cause value of “SI update” is needed to instruct MeNB whether to record the related SCG SCell ID and initiate SCG a SCell addition procedure subsequently.
Observation1b: To make MeNB record the related SCG SCell ID and trigger SCG SCell addition after SCG removal, an indication e.g. a new cause value “SI Update” from SeNB to MeNB is needed in SCG Modification Request.
However, the signaling flow in Figure 1 involves two separate RRC connection Reconfiguration procedures. Obviously, some delay and signaling overhead are introduced by the double RRC connection Reconfiguration.
In CA, a more efficient method for changed SI of SCell delivery, releasing and adding the concerned SCell within a single RRCConnectionReconfiguration procedure, has already been supported. This is achieved by including the information of concerned SCell in both the SCellToReleaseList-r10 and SCellToAddModList-r10 IEs of one RRCConnectionReconfiguration message. 
Follow the principle of CA, the signaling flow in Figure 1 can be further optimized, as illustrated in Figure 2.
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Figure 2 Deliver UE the updated SI of a configured SCG SCell（single RRC procedure）
1. While one configured SCG SCell of a UE updates its system information, the SeNB starts a SCell SI delivery procedure by initiating a SCG Modification procedure. In the RRC container of the SCG Modification Request, the SeNB includes the information needed for releasing and adding the concerned SCG SCell.
2. After receiving the SCG Modification Request, the MeNB forwards the RRC container to UE in the RRCConnectionReconfiguration message.
3. After releasing and subsequently adding the concerned SCG SCell according to the RRCConnectionReconfiguration, the UE obtains the updated SI of the concerned SCell and sends a RRCConnectionReconfigurationComplete message back to the MeNB.
4. Upon receiving the RRCConnectionReconfigurationComplete message, the MeNB sends a SCG Modification Response to inform the SeNB the SCG Modification procedure is successful.
Since the information related to the SCG SCell releasing and adding is transferred in RRC container on X2 interface, the above procedure causes no extra impact on X2 interface specification. Considering that a single RRC connection Reconfiguration procedure can achieve SCell releasing and adding today, the signaling flow in Figure 2 can be implemented without introducing extra standardization work in RRC. By reading the information in the RRC container carried by SCG Modification Request, MeNB can deduce that the latest system information is provided to UE in a signal RRC procedure and a separate SCG SCell addition is not needed though the cause value in SCG Modification Request is set to “SI update”.
Observation1c: The concerned SCG SCell releasing and adding can also be done in a single RRC Connection Reconfiguration procedure.

Conclusion1: For the SCG SCell SI change case, it is feasible to provide UE the updated SI by removal + addition of the concerning SCG SCell via one single or two separate RRC procedures. To support two separate RRC procedures method, a new cause value “SI Update” in SCG Modification Request is needed to inform MeNB trigger SCG SCell addition after SCG SCell removal.

2.2. Scenario2: SCG Pcell SI change

In pSCell (i.e. SCG Pcell) SI change case, the removal + addition of only the concerning cell method is not feasible, for a SCG cannot work without a pSCell. To handle this issue, SeNB can release and subsequently add the whole CSG for the affected DC UE. An example signaling flow is shown in Figure 3.
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Figure 3 Deliver UE the updated SI of pSCell(separate RRC procedures)
1~4. Upon updating system information, the SeNB starts a pSCell SI delivery procedure by initiating a SeNB Release procedure. A new release cause value “SI Update”, within SeNB Release Required message, is defined to remind MeNB to trigger a SeNB Addition procedure (step 8) after the SeNB Release procedure succeeds.

5~6.   For SCG bearers, SN Status Transfer and data forwarding from the SeNB to the MeNB may be performed to avoid data loss caused by the SeNB Release procedure. 
7. For SCG bearers,  the UP path towards the EPC is updated.
8~13.  The MeNB initiates a SeNB Addition procedure according to the cause value received in SeNB Release Required message after the SCG Release procedure finishs. And the latest SI of the concerned SCG cells is transferred to UE in step 10. After applying the configuration according to the RRCConnectionReconfiguration message, the UE needs to perform random access in the SeNB to achieve uplink time alignment.
14~15.   For SCG bearers, SN Status Transfer and data forwarding from the MeNB to the SeNB may be performed to avoid data loss on the DRBs configured to transfer data  via the SeNB.
16. For bearers switching to the SeNB, the UP path towards the EPC is updated.
Observation2a: Upon change of system information of the configured SCG PCell, E-UTRAN can provide the updated system information to the UE by two separate RRC procedures, i.e. releasing and subsequently adding the whole SCG.

For SeNB addition procedure cannot be triggered by SeNB itself, the signaling flow illustrated in Figure 3 introduces a new cause value “SI Update” for SeNB release.  The cause value informs MeNB to record the SCG SCells’ IDs and trigger SeNB Addition procedure after a successful SeNB Release.

Observation2b: To make MeNB record the SCG SCells IDs and trigger SCG addition after SCG removal, an indication e.g. a new cause value “SI Update” from SeNB to MeNB is needed during the SCG removal procedure.

The signaling flow in Figure 3 involves not only two separate RRC connection Reconfiguration procedures, but also back and forth data forwarding and path update procedures over X2 and S1 interfaces. These lead to heavy burdens over S1, X2 and Uu interfaces. Thus these burdens can be relieved if the SCG removal and SCG addition can be done via a single RRC connection Reconfiguration procedure. 

Taking the above issues into account, we optimize the signaling flow by handling SCG removal and SCG addition in a single RRC connection Reconfiguration procedure as illustrated in following figure. 
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Figure 4 Deliver UE the updated SI of pSCell （single RRC procedure）

1. the SeNB sends a MeNB SCG Modification Request message with a cause value “SI Update” to trigger a special SeNB change procedure, where the old SeNB and new SeNB are identical. The updated SI of pSCell as well as other configurations of the SeNB needed for a new SeNB addition operation is also carried in the SCG Modification Request message.
2~3.  According to the cause value, the MeNB starts the SeNB change procedure towards UE. The updated pSCell SI and other configurations of the new SeNB, MeNB obtained from SCG Modification Request message, are provided to UE along the old SeNB release indication generated by the MeNB (For SeNB release case, the MeNB is responsible for generate the RRC message).  
4.  the MeNB sends a SCG Modification Response message to the SeNB to finish the pSCell SI update procedure.
In the above signalling flow, the special SeNB change procedure triggered by SeNB is new and has not been discussed before. 
Observation2c: Upon change of system information of the configured SCG PCell, E-UTRAN can provide the updated system information to the UE with a single RRC Connection Reconfiguration procedure via a SeNB triggered special SeNB change procedure, where the old SeNB and new SeNB are identical.
Conclusion2: For pSCell SI change case, it is feasible to provide UE the updated SI by removal + addition of the concerning SCG via one single or two separate RRC procedures. To support two separate RRC procedures method, a new cause value “SI Update” in SCG Modification Request is needed to inform MeNB trigger SCG addition after SCG removal.

3. Conclusion
In this paper, we discussed how to provide the changed SI of SeNB to the affected DC UEs. 

For the SCG SCell SI change case, the observations and conclusion are following:  
Observation1a: Upon change of system information of a configured SCG SCell, E-UTRAN can provide the updated system information to the UE by two separate RRC procedures, i.e. releasing and subsequently adding the concerned SCell.

Observation1b: To make MeNB record the related SCG SCell ID and trigger SCG SCell addition after SCG removal, an indication e.g. a new cause value “SI Update” from SeNB to MeNB is needed in SCG Modification Request.

Observation1c: The concerned SCG SCell releasing and adding can also be done in a single RRC Connection Reconfiguration procedure.

Conclusion1: For the SCG SCell SI change case, it is feasible to provide UE the updated SI by removal + addition of the concerning SCG SCell via one single or two separate RRC procedures. To support two separate RRC procedures method, a new cause value “SI Update” in SCG Modification Request is needed to inform MeNB trigger SCG SCell addition after SCG SCell removal.

For the pSCell SI change case, the observations and conclusion are following:  

Observation2a: Upon change of system information of the configured SCG PCell, E-UTRAN can provide the updated system information to the UE by two separate RRC procedures, i.e. releasing and subsequently adding the whole SCG.

Observation2b: To make MeNB record the SCG SCells IDs and trigger SCG addition after SCG removal, an indication e.g. a new cause value “SI Update” from SeNB to MeNB is needed during the SCG removal procedure.

Observation2c: Upon change of system information of the configured SCG PCell, E-UTRAN can provide the updated system information to the UE with a single RRC Connection Reconfiguration procedure via a SeNB triggered special SeNB change procedure, where the old SeNB and new SeNB are identical.

Conclusion2: For pSCell SI change case, it is feasible to provide UE the updated SI by removal + addition of the concerning SCG via one single or two separate RRC procedures. To support two separate RRC procedures method, a new cause value “SI Update” in SCG Modification Request is needed to inform MeNB trigger SCG addition after SCG removal.
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