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1   Introduction
In RAN3 TR 38.801 [1], Option 3/3a/3x was captured and it has been agreed that the procedures defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 [2] should be reused. In that case, LTE eNB and NR gNB connecting via Xx are considered to act similarly to MeNB (or eNB without DC) and SeNB, respectively. The Xx-U interface supposes to support all the functionalities of X2-U for LTE DC operation. No impacts to S1 procedure is foreseen with the support of Option 3/3a/3x. The DC procedures defined in TS 36.423 [3] are used as baseline.
From our understanding, the stage 2 description of EN-DC in TS 36.300 should be introduced as a new feature. With regard to the stage-3 changes,  since the X2 protocols, i.e. X2AP and X2 U-plane protocol are baseline for Xx interface between LTE eNB and NR gNB, it needs to be discussed how to specify the EN-DC procedure in TS 36.423.

2   Discussion
In RAN3 NR Ad-Hoc meeting, it has been agreed that the X2 protocols, i.e. X2AP and X2 U-Plane protocol are baseline for Xx interface between LTE eNB and NR gNB. It means the EN-DC procedures could be defined in TS 36.423 by taking the LTE DC procedures and the LTE DC related procedures are listed as follows:
a) SeNB Addition Preparation

b) SeNB Reconfiguration Completion

c) MeNB initiated SeNB Modification Preparation

d) SeNB initiated SeNB Modification

e) MeNB initiated SeNB Release

f) SeNB initiated SeNB Release

g) SeNB Counter Check
With respect to EN-DC, the required procedures between LTE eNB and NR gNB are same as the existing LTE DC procedures specified in TS 36.423. To reduce the standardization efforts, the LTE DC procedures can be reused. From the perspective of LTE eNB as the master, the peer node is different for LTE DC and EN-DC. In details, for LTE DC the SN is LTE eNB named SeNB. However, for EN-DC the SN is NR gNB which can be named as SgNB. The corresponding procedures are named as:
a) SN Addition Preparation

b) SN Reconfiguration Completion

c) MN initiated SN Modification Preparation

d) SN initiated SN Modification

e) MN initiated SN Release

f) SN initiated SN Release

g) SN Counter Check
Accordingly, the procedures can be depicted as following:
SN Addition Preparation

The purpose of the SN Addition Preparation procedure is to request the SN to allocate resources for dual connectivity operation for a specific UE including LTE DC and EN-DC. The procedure uses UE-associated signaling.
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Figure 1: SN Addition Preparation, successful operation

For EN-DC, MN is LTE eNB and SN is NR gNB. For LTE DC, both MN and SN are LTE eNB.

The MN initiates the procedure by sending the SN ADDITION REQUEST message to the SN. When the MN sends the SN ADDITION REQUEST message, it shall start the timer TDCprep.
The SN shall report to the MN, in the SN ADDITION REQUEST ACKNOWLEDGE message, the result for all the requested E-RABs.
Upon reception of the SN ADDITION REQUEST ACKNOWLEDGE message the MN shall stop the timer TDCprep.
If the SN is not able to accept any of the bearers or a failure occurs during the SN Addition Preparation, the SN sends the SN ADDITION REQUEST REJECT message with an appropriate cause value to the MN.
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Figure 2: SN Addition Preparation, unsuccessful operation

SN Reconfiguration Completion

The purpose of the SN Reconfiguration Completion procedure is to provide information to the SN whether the requested configuration was successfully applied by the UE. The procedure uses UE-associated signalling.
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Figure 3: SN Reconfiguration Complete procedure, successful operation.

The MN initiates the procedure by sending the SN RECONFIGURATION COMPLETE message to the SN.

If the SN admits at least one E-RAB, the SN shall start timer TDCoverall when sending the SN ADDITION REQUEST ACKNOWLEDGE message to the MN. The reception of the SN RECONFIGURATION COMPLETE message shall stop the timer TDCoverall.
If the SN admits a modification of the UE context requiring the MN to report about the success of the RRC connection reconfiguration procedure, the SN shall start the timer TDCoverall when sending the SN MODIFICATION REQUEST ACKNOWLEDGE message to the MN. The reception of the SN RECONFIGURATION COMPLETE message shall stop the timer TDCoverall.

MN initiated SN Modification Preparation

This procedure is used to enable an MN to request an SN to modify the UE context at the SN. The procedure uses UE-associated signalling.


[image: image4.emf]MN SN

SN MODIFICATION REQUEST

SN MODIFICATION REQUEST ACKNOWLEDGE


Figure 4: MN initiated SN Modification Preparation, successful operation
The MN initiates the procedure by sending the SENB MODIFICATION REQUEST message to the SN. When the MN sends the SN MODIFICATION REQUEST message, it shall start the timer TDCprep.
If at least one of the requested modifications is admitted by the SN, the SN shall modify the related part of the UE context accordingly and send the SN MODIFICATION REQUEST ACKNOWLEDGE message back to the MN. 

Upon reception of the SN MODIFICATION REQUEST ACKNOWLEDGE message the MN shall stop the timer TDCprep. 
If the SN does not admit any modification requested by the MN, or a failure occurs during the MN initiated SN Modfication Preparation, the SN shall send the SN MODIFICATION REQUEST REJECT message to the MN. The message shall contain the Cause IE with an appropriate value.
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Figure 5: MN initiated SN Modification Preparation, unsuccessful operation
SN initiated SN Modification
This procedure is used by the SN to modify the UE context in the SN. The procedure uses UE-associated signalling.
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Figure 6: SN initiated SN Modification, successful operation.

The SN initiates the procedure by sending the SN MODIFICATION REQUIRED message to the MN. When the SN sends the SN MODIFICATION REQUIRED message, it shall start the timer TDCoverall. 
If the MN is able to perform the modifications requested by the SN, the MN shall send the SN MODIFICATION CONFIRM message to the SN.

Upon reception of the SENB MODIFICATION CONFIRM message the SeNB shall stop the timer TDCoverall.
If applicable, the SN may receive, after having initiated SN initiated SN Modification procedure, the SN MODIFICATION REQUEST message.
In case the request modification cannot be performed successfully the MN shall respond with the SN MODIFICATION REFUSE message to the SN with an appropriate cause value in the Cause IE.
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Figure 7: SN initiated SN Modification, unsuccessful operation.

MN initiated SN Release

The MN initiated SN Release procedure is triggered by the MN to initiate the release of the resources for a specific UE. The procedure uses UE-associated signalling.
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Figure 8: MN initiated SN Release, successful operation

The MN initiates the procedure by sending the SN RELEASE REQUEST message. Upon reception of the SN RELEASE REQUEST message the SN shall stop providing user data to the UE. The MN may provide appropriate information within the Cause IE.
If the timer TDCprep expires before the MN has received the SN ADDITION REQUEST ACKNOWLEDGE message, the MN shall regard the SN Addition Preparation procedure as being failed and shall trigger the MN initiated SN Release procedure.
SN initiated SN Release
This procedure is triggered by the SN to initiate the release of the resources for a specific UE. The procedure uses UE-associated signalling.
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Figure 9: SN initiated SN Release, successful operation.

The SN initiates the procedure by sending the SN RELEASE REQUIRED message to the MN.
Upon reception of the SN RELEASE REQUIRED message, the MN replies with the SN RELEASE CONFIRM message.

If the timer TDCoverall expires before the SN has received the SN RECONFIGURATION COMPLETE or the SN RELEASE REQUEST message, the SN shall regard the requested RRC connection reconfiguration as being not applied by the UE and shall trigger the SN initiated SN Release procedure.
SN Counter Check
This procedure is initiated by the SN to request the MN to execute a counter check procedure to verify the value of the PDCP COUNTs associated with SCG bearers and SCG split established in the SN. The procedure uses UE-associated signalling.
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Figure10: SN Counter Check procedure, successful operation.

The SN initiates the procedure by sending the SN COUNTER CHECK REQUEST message to the MN.
Upon reception of the SN COUNTER CHECK REQUEST message, the MN may perform the RRC counter check procedure.
Proposal 1: The LTE DC procedures specified in TS 36.423 could be reused for EN-DC and renamed as follows:
a) SN Addition Preparation

b) SN Reconfiguration Completion

c) MN initiated SN Modification Preparation

d) SN initiated SN Modification

e) MN initiated SN Release

f) SN initiated SN Release

g) SN Counter Check

In addition, the new SCG split bearer was agreed to be supported for EN-DC. One thing needs to be clarified is whether MN or SN should make the decision on SCG split bearer. Considering the maximum data rate achieved for the UE, we would prefer MN as the master to determine whether the SCG split should be performed. From the procedure perspective, the SN Addition Preparation, MN initiated SN Modification could be applied for MN to trigger the change from MCG bearer to SCG split bearer.
Proposal 2: MN should be able to decide whether SCG split bearer needs to be performed. The SN Addition Preparation and MN initiated SN Modification procedures could be applied for MN to trigger the change from MCG bearer to SCG split bearer.

NR gNB as the SN supposes to support higher data rate than that of the LTE eNB as MN. If the backhaul between LTE eNB and NR gNB is ideal, the SCG split bearer can be configured directly and the SN is able to determine the data amount to be split based on its radio link condition. In other hand, the SCG bearer should be configured and when the radio link condition of the SN becomes worse, the change from SCG bearer to MCG bearer can be performed. Based on this assumption, we don't see any requirement to support the change between SCG bearer and SCG split bearer.
Proposal 3: The change between SCG bearer and SCG split bearer should not be supported, thus no procedures is involved.

3   Conclusion
In this contribution, the EN-DC procedures were discussed and the following proposals are provided:
Proposal 1: The LTE DC procedures specified in TS 36.423 could be reused for EN-DC and renamed as follows:
a) SN Addition Preparation

b) SN Reconfiguration Completion

c) MN initiated SN Modification Preparation

d) SN initiated SN Modification

e) MN initiated SN Release

f) SN initiated SN Release

g) SN Counter Check

Proposal 2: MN should be able to decide whether SCG split bearer needs to be performed. The SN Addition Preparation and MN initiated SN Modification procedures could be applied for MN to trigger the change from MCG bearer to SCG split bearer.

Proposal 3: The change between SCG bearer and SCG split bearer should not be supported, thus no procedures is involved.
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