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1. Background
In last RAN2#83bis meeting, RAN2 has further down selected user plane architectures 1A and 3C for dual connectivity. 
This contribution discusses the possible functions needed for Xn interface between the MeNB and the SeNB to support the dual connectivity.
2. Discussion
Currently, there are 2 options for User plane architecture for dual connectivity. It is assumed the Xn interface between the MeNB and the SeNB is needed in order to support such solution.
-
User plane architecture 1A: S1-U also terminates in SeNB;

-
User plane architecture 3C: S1-U terminates in MeNB, bearer split in RAN.
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Figure 1: User plane architecture 1A 


Figure 2: User plane architecture 3C
The following functions may be needed for the Xn interface to support dual connectivity: 
· SeNB management function 

· Mobility function
· User data transmission 

· Flow control function
· General Xn management
· SON/ICIC/ES
2.1. SeNB management function:
When the UE moves in the coverage area of the SeNB, the MeNB could switch or split some bearers to a suitable SeNB for the dual connectivity UE. SeNB management function is responsible for addition, modification and release of the E-UTRAN resources in the SeNB for the dual connectivity user data transport. 
1. Activation of SeNB resources procedure
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                                          Figure 1: SeNB Addition procedure
The SeNB Addition procedure is trigger by the MeNB based on the received measurement reports or traffic conditions or bearer type. The MeNB sends a SENB ADDITION REQUEST to the SeNB, which may include the E-RAB level QoS parameters for the bearers to be setup by the SeNB, UE capacities and current RRC configuration provided by means of RRC containers. Upon receipt of the SENB ADDITION REQUEST message, the SeNB performs access control for the bearers to be setup by the SeNB, if the access control procedure succeeds, the SeNB responds with the SENB ADDITION RESPONSE message. In case the access control procedure fails, the SeNB will end the traffic offload procedure by replying with the SENB ADDITION FAILURE message.
Whether the MeNB is required to decode the corresponding RRC container after receiving the Xn message is still on discussion in RAN2. If decoding is required, the MeNB could check the SeNB configuration information upon reception of the SENB ADDITION RESPONSE message. In case the MeNB acknowledges the new configuration suggested by the SeNB, it will trigger RRC Connection Reconfiguration procedure to the UE.
2. Modification of SeNB resources procedure

The SeNB modification could be trigger by the MeNB and SeNB based on their respective RRM strategy. 

(1) SeNB Modification – MeNB initiated

[image: image4] Figure 2: SeNB Modification procedure-MeNB initiated
The MeNB sends SENB MODIFY REQUEST message to the SeNB which may include the E-RAB level QoS parameters for the bearers to be modified and possibly current RRC configuration provided by means of RRC containers. Upon receipt of the SENB MODIFY REQUEST message, the SeNB modifies RRC configuration for the corresponding bears. In case the modification succeeds, the SeNB responds with the SENB MODIFY RESPONSE message which includes new RRC configuration provided by means of RRC containers. In case the modification fails, the SeNB will end the modify procedure by replying with the SENB MODIFY FAILRE message.
If decoding RRC container is required, the MeNB could check the SeNB configuration information upon reception of the SENB MODIFY RESPONSE message. In case the MeNB acknowledges the new configuration suggested by the SeNB, it will trigger RRC Connection Reconfiguration procedure to the UE.

(2) SeNB Modification – SeNB initiated

[image: image5] Figure 3: SeNB Modification procedure-SeNB initiated
The SENB UPDATE REQUEST message is sent by the SeNB toward the MeNB to modify one or several data radio bearers in SeNB. The SENB UPDATE REQUEST message contains the updated RRC configuration provided by means of RRC containers. 
If decoding RRC container is required, the MeNB could check the SeNB configuration information. In case the MeNB doesn’t acknowledge the configuration suggested by the SeNB, it shall respond with the SENB UPDATE FAILURE message to inform SeNB about the failure outcome. In case the check operation is successful, the MeNB will trigger RRC Connection Reconfiguration procedure to the UE. If the RRC Connection Reconfiguration procedure succeeds, the MeNB will send the SENB UPDATE RESPONSE message to the SeNB.
3. Release of SeNB resources procedure
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                                                Figure 4: SeNB Release procedure
The SeNB release could be trigger by the MeNB and SeNB base on the UE measurement reports or due to SeNB offloading.

The SENB RELEASE INDICATION procedure enables the SeNB to request the initiation of a SeNB removal procedure. The MeNB will trigger SeNB RELEASE REQUEST message to the SeNB to remove already established bearers in SeNB. Upon receipt of the SeNB RELEASE REQUEST message the SeNB will responds with a SeNB RELEASE RESPONSE message which may include the new RRC configuration provided by means of RRC containers. Successful completion of this procedure will trigger the MeNB to initiate an RRC Connection Reconfiguration procedure.
2.2 Mobility function
When the UE moves from the coverage of SeNB1 to the coverage of SeNB2, the serving cell of dual connectivity may need to change from the SeNB1 to the SeNB2. The mobility function allows the MeNB to perform SeNB change over Xn interface. The signaling flow for the UP architecture 1A and 3C is showed in the [2] and [3].
2.3 User data transmission 
In UP architecture 3C, for the downlink transmission, the S-GW will send the traffic to MeNB, and then the MeNB will send some of the user data to the SeNB over the Xn interface. Similarly, for the uplink transmission, data path will be from SeNB to MeNB over Xn and then over S1-U from MeNB to S-GW.

The Xn interface needs to provide user data transfer capability between the MeNB and SeNB. The PDCP PDUs will be transferred over the Xn interface.
2.4 Flow control function（FFS）
For UP architecture 3C, the push-back flow control may be helpful to improve the per-user throughput. Flow control function is used to adjust the data transmission rate over the Xn interface. In case the SeNB detect the flow control is needed based on the processing capability, it could send an indication to the MeNB. The MeNB could then modulate the data transmission rate over the Xn interface to proper level.
2.5 Other functions

1) General Xn management and error handling functions
The general Xn management and error handling functions could be similar to the functions on the X2 interface, including e.g. application level data exchanged between MeNB and SeNB, error indication function and reset function.
2) SON/ICIC/ES
SON function may be needed on the Xn interface, e.g., load balancing has the task to handle uneven distribution of the traffic load over multiple cells, for dual connectivity UE, MeNB would select a SeNB to perform SeNB addition operation based on some policy, e.g. cell load situation. 
Inter-cell interference coordination has the task to manage radio resources such that inter-cell interference is kept under control. ICIC function may be needed in case the MeNB and SeNB are operated on the same frequency to keep the inter-cell interference under control.
Proposal1: It is proposed RAN3 to capture the Xn interface functions into the TR36.842.
3. Conclusion
The document discusses some possible functions of the Xn interface between the MeNB and the SeNB, we propose that: 
Proposal1: It is proposed RAN3 to capture the Xn interface functions into the TR36.842.
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