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Discussion and Decision
1
Introduction
RAN#62 has approved a WI [1] of Dual Connectivity as a continuation of SI [2] for Higher Layer Enhancements for Small Cells, where the objectives are: 

The work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. Taking the conclusions of the Study Item (36.842) as starting point, the work item should fulfil the following objectives:
-
Introduce functions and procedures to realise C-plane and U-plane protocol and architectures supporting alternatives 1A and 3C.
-
Signalling and protocol support for dual connectivity will first focus on reconfigurations involving either 1A or 3C, and reconfigurations involving both 1A and 3C will only be later considered if requiring minimal additions.
-
Introduce functions and procedures on the S1and X2 interfaces.
-
Identify and introduce physical layer functionalities required for the operation of Dual Connectivity.
-
After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.
-
Specify corresponding UE and eNB core requirements.
In this paper, we would like to further analyze the SeNB resource configuration procedure considering the following outstanding issues left from SI: 
-
The way of synchronization of the SeNB resource change

-
The order of the RRC reconfiguration and the synchronization (if it is needed)

2
Discussion
2.1
SeNB resource configuration synchronization
The single RRC between MeNB and UE was agreed during the SI stage as baseline for dual connectivity, and in addition it has been assumed that the SeNB has separate RRM function to manage its own resource with the assistance from MeNB. With only one RRC located in MeNB for the UE, there may be a problem for how to synchronize the parameters change between UE and SeNB. The existing random access towards SeNB is proposed as one potential solution to ensure the RRC parameter changes are synchronized between UE and SeNB. 

The Random Access procedure would be essential for some scenarios, during the SeNB addition procedure, by triggering the Random Access the UE would be able to access the cell and obtain the timing information from the SeNB. In addition, the Random Access procedure would be necessary for the UP option 1A when the security key is refreshed in SeNB. With existing HO procedure, the Regular BSR is triggered in MAC by the higher priority data arrival of RRCReconfigurationComplete-message, and the UE will start the Random Access procedure to request uplink radio resource allocation consequently. But for the dual connectivity operation, the RRCReconfigurationComplete is sent to MeNB and it cannot be ensured there will be other UL data to trigger the BSR if the SeNB addition is mainly for DL traffic. In this light, for starting the Random Access procedure, the UE may need to trigger the Regular BSR after receiving the RRCConnectionReconfiguration to keep the current RACH triggering model unchanged in MAC.

Observation 1: Regular BSR might be necessary for initiating the Random Access procedure.
When the UE still has the good link towards SeNB and the physical layer configuration between UE and SeNB keeps unchanged, only certain parameters of SeNB need update which do not have impact to the session maintenance and QoS of the dual connectivity. Therefore in those cases, the synchronization requirement for the configuration change may not be strict, it might be sufficient to indicate the completion of the reconfiguration in UE by X2 message. 

Observation 2: Random Access Procedure might be unnecessary for some cases of SeNB (re)configuration.

Proposal 1: RRC Configuration synchronization between UE and SeNB does not always require Random Access Procedure.
2.2
SeNB resource configuration procedure
The example call flow of SeNB resource addition/modification for dual connectivity is illustrated in Figure G.1-1 in [3], whereby there are two alternatives of the order of the RRC reconfiguration and the synchronization (if needed) which are shown below.
· Alt1: The RRCReconfigurationComplete is sent after successful Random Access procedure, MeNB indicates the completion of the reconfiguration to SeNB.

· Alt2: Random Access procedure is triggered after the RRCReconfigurationComplete-message, the SeNB reports MeNB the success of the configuration after detection of the completed Random Access.
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2.2.1
X2 indication for SeNB resource configuration completion
When the Random Access is required to synchronize the configuration between UE and SeNB, for Alt2, the X2 SeNB addition/modification Complete from SeNB is dependent on the completion of the Random Access procedure. For contention based RACH, The eNB knows the completion of the procedure when it receives the HARQ ACK for the contention resolution message. However for contention-free RACH, there is no explicit indication from UE because HARQ is not supported for RAR message. The SeNB may consider a successful Random Access if there is no Random Access attempt during a certain period after sending RAR message. Therefore the SeNB might need some means to decide whether the RAR was successfully received to know the appropriate time to send the X2 SeNB Addition/Modification Complete message. However for the Alt1, the UE knows exactly the completion of the Random Access procedure and reports the success with the RRCReconfigurationComplete-message in a strict order.
Observation 3: When Random Access procedure is applied, for Alt2, the detection of successful contention-free Random Access in SeNB might bring ambiguity for sending the X2 SeNB Addition/Modification Complete message. 
On the other hand, if the Random Access is not applied during the SeNB resource configuration procedure for some cases as discussed in section 2.1, the consequences are different for Alt1 and Alt2:
-
Alt1: There is no impact since the MeNB could still indicate the completion of reconfiguration to SeNB by X2 SeNB Addition/Modification Complete message after it gets the RRC Reconfiguration complete. 

-
Alt2: The SeNB may not know if the configuration is synchronized with UE when Random Access is not applied, unless the MeNB send the additional complete indication to SeNB.

Observation 4: The extra X2 SeNB Addition/Modification Complete message from MeNB would be needed to inform the successful resource configuration even for Alt 2 when the Random Access procedure is not applied.

2.2.2
Handling of abnormal cases

2.2.2.1
RRC Reconfiguration failure

With existing specification [4], in case of RRC reconfiguration failure, the UE performs the RRCConnectionRe-establishment - procedure if the security is activated. There is also no partial success or failure for RRC messages, as is stated in NOTE 2 of the section 5.3.5.5 of the RRC specification:

5.3.5.5
Reconfiguration failure

The UE shall:

1>
if the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message:

2>
continue using the configuration used prior to the reception of RRCConnectionReconfiguration message;

2>
if security has not been activated:

3>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause other;

2>
else:

3>
initiate the connection re-establishment procedure as specified in 5.3.7, upon which the connection reconfiguration procedure ends;

NOTE 1:
The UE may apply above failure handling also in case the RRCConnectionReconfiguration message causes a protocol error for which the generic error handling as defined in 5.7 specifies that the UE shall ignore the message.

NOTE 2:
If the UE is unable to comply with part of the configuration, it does not apply any part of the configuration, i.e. there is no partial success/ failure.
However the process may be different for dual connectivity operation considering the following scenarios:
-
If the UE fails to decode the Reconfiguration message caused either by the error in lower layer or the ASN1 error in RRC layer, there may be a bad radio link between UE and MeNB. Regardless of the order of the configuration and potential synchronization procedure, the re-establishment procedure would be needed to recover the connection from various failures on the radio interface.

-
In case UE succeeds in decoding the Reconfiguration message but is unable to comply with the configuration of the SeNB resources, it might not be necessary to trigger the Re-establishment procedure since the UE still has a valid MeNB configuration. Instead, to retain the MeNB connection, a new mechanism might be designed. For example, a new RRC message could be defined to report the SeNB resource configuration failure to MeNB, which would work for both Alt1 and Alt2.
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Observation 5: The handling of RRCConnectionReconfiguration - message failure is independent on the order of the reconfiguration and the potential synchronization procedure.
2.2.2.2
SeNB Random Access failure
When the Random Access towards SeNB is applied but fails, there might be difference in the operation for Alt1 and Alt2:
-
For Alt1, the same message as for reporting the reconfiguration failure could be used also to report the SeNB Random Access failure to MeNB and then retain the MeNB connection. SeNB would know the SeNB addition/modification is not successful if it could not get the complete indication from MeNB within a certain timer period.
-
For Alt2, if the SeNB is able to detect the Random Access failure by some means, additional message would be needed to report the Random Access failure to MeNB over X2.
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Observation 6: Additional X2 message might be needed to indicate the unsuccessful Random Access procedure for Alt 2.
2.2.2
Summary
Given the analysis and observations above, Alt1has following advantages than Alt2:

-
Explicit knowledge of the status of Random Access procedure from UE when it is applied for SeNB configuration synchronization;

-
Fewer messages over X2 interface.

Proposal 2: The RRCReconfigurationComplete for SeNB (re)configuration is sent after successful Random Access procedure in SeNB (when it is needed).
3
Conclusion
We have made the following observations:

Observation 1: Regular BSR might be necessary for initiating the Random Access procedure.

Observation 2: Random Access Procedure might be unnecessary for some cases of SeNB (re)configuration.

Observation 3: When Random Access procedure is applied, for Alt2, the detection of successful contention-free Random Access in SeNB might bring ambiguity for sending the X2 SeNB Addition/Modification Complete message. 

Observation 4: The X2 SeNB Addition/Modification Complete message would be needed to inform the successful resource configuration even for Alt 2 when the Random Access procedure is not applied.

Observation 5: The handling of RRCConnectionReconfiguration - message failure is independent on the order of the reconfiguration and the potential synchronization procedure.

Observation 6: When Random Access procedure is applied, additional X2 message might be needed to indicate the unsuccessful Random Access procedure for Alt 2.

Therefore, we propose the following:

Proposal 1: RRC Configuration synchronization between UE and SeNB does not always require Random Access Procedure. 

Proposal 2: The RRCReconfigurationComplete for SeNB (re)configuration is sent after successful Random Access procedure in SeNB (when it is needed).
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