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Introduction
In previous meeting significant efforts were made to establish common understanding on different signaling procedures for DuCo. In those discussions some comments were made on how signaling should look from RRC point of view, however, no detailed design options of RRC signaling were addressed. In this contribution we address RRC signaling options with further details. 
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RRC signalling design

In [2]  it is proposed that UE obtains System information of the SCG via dedicated RRC signalling when configured to dual connectivity. If that is agreed we can concentrate on needed modifications to dedicated RRC signalling modifications to support DuCo

To understand better different signalling requirements we have identified at least following end results after configuration procedure. 
1) UE has PCell and one or multiple Scells from the MeNB, and Special cell from SeNB.

2) UE has PCell from the master eNB, special cell with one or multiple Scell from SeNB.

3) Combination of both, i.e. UE has PCell and special cell from MeNB and SeNB respectively and SCell(s) from both.
4) Dual connectivity is reverted back to single connection with PCell with or without SCell(s).

The dual connectivity architecture can be either 1A or 3C, but it was considered that there is no need to support both architectures simultaneously for single UE. The need of supporting reconfigurations between these architectures was seen as low priority functionality; however, if additional complexity is seen low, it could be considered. 
The possible scenarios which might initiate RRC configuration procedure to initiate or reconfigure dual connectivity are at least:

a) Setup of new EPS data bearer to existing RRC connection. 

b) Load of the master eNB (actually there is no master eNB before dual connectivity) becomes higher than the threshold and/or cell for secondary cell operation is/becomes available for the UE.

c) Traffic routing preference of the network drives certain bearers to small cell utilising DuCo or data amount of UE’s bearer in DL and/or UL exceeds some threshold.  

d) Handover of the special cell at secondary eNB – signalling should support change of secondary cells in manner that master eNB Pcell or Scell(s) are not re-configured and bearers hosted by secondary eNB are moved from source secondary eNB to target secondary eNB. Additionally, it is assumed that it should be possible to move one or more bearer(s) from source secondary eNB to master eNB and remaining ones to target secondary eNB. 
e) Additional or removal of Scell(s) in secondary eNB without changing master eNB’s PCell or Scell.
f) Handover of the PCell at the master eNB – Even though in previous meeting several views were presented that MeNB – MeNB handover when maintaining SCG could not be supported, it seems quite unnecessary restriction to not allow change of PCell inside master eNB, when continuing operations in secondary eNB. More details are discussed in [3].
g) RRC connection establishment – as it would highly beneficial from both network signalling load and user perception point that e.g. best effort internet EPS data bearer could be directly offloaded to secondary cell in RRC connection setup. Otherwise network would need to setup bearers first to master eNB and then perform another reconfiguration to move bearer to secondary cells. Especially architecture 1A would benefit this functionality. Naturally care should be taken that 
Scenarios from a) to f) can be supported by the RRC connection re-configuration. Scenario g) would require update to the RRC connection setup message. In CA work we did not modify RRC Connection Setup as the PCell and higher layer operation can continue during the reconfiguration of SCell. However, as the system architecture of DuCo is different we believe that supporting functionality of setting up dual connectivity should be carefully considered.
Proposal 1: Utilize RRC Connection Re-configuration for setting up DuCo. Further analyse need to support this functionality in the RRC Connection Setup message.
As the dual connectivity requires configuration of special cell in secondary eNB, this configuration could be included as part of existing configuration message by doubling the parameters that are different from master PCell connection. However, this would require that there would be clear distinguish which PCell these parameters are associated to master eNB and which to secondary eNB. Additionally as both PCells might have SCells associated, the signalling would require that UE would be able to distinguish which SCell is associated to PCell of the Master eNB and which SCell is associated to PCell of Secondary eNB. This association is not possible with current signalling as it was never needed earlier. Similar manner association of different measurement events that are configured for two different PCell would need to be recognized.  
Furthermore new parameters of the features introduced in master eNB or secondary eNB configuration should be able to be introduced without effecting signalling other connection, if desired. This functionality would ensure good forward compatibility to introduce new features in future.

Additionally, we have to ensure that any late correction to secondary connection of the DuCo does not affect ASN.1 of the UEs that are not supporting DuCo at all. 

To support all aspects discussed above, we consider that instead of mixing all parameters of both connection together, it would be beneficial to separate PCell and SCell(s) configurations towards Secondary eNB clearly in high level IE – as “container” from master eNB configuration. This IE should be variable length and be able to be modified without touching existing master eNB configuration signalling. 

Proposal 2: Isolate MSG and SCG configurations in ASN.1 and signal all parameters separately, i.e. SCG configuration shall not refer to the MSG configuration.   
Proposal 3: Introduce separate MSG and SCG configurations branches in ASN.1, and allowing both configurations to be extended separately in future.  

The document in [2] proposes to introduce container as non-critical extension to end of the message as depicted below.

 RRCConnectionReconfiguration-v1130-IEs ::= SEQUENCE {


systemInfomationBlockType1Dedicated-r11
OCTET STRING (CONTAINING SystemInformationBlockType1)


















OPTIONAL,
-- Need ON


nonCriticalExtension



RRCConnectionReconfiguration-v12xy-IEs
OPTIONAL
-- Need OP
}

RRCConnectionReconfiguration-v12xy-IEs ::= SEQUENCE {


scg-RadioResourceConfigDedicated-r12
OCTET STRING (SCG-RadioResourceConfigDedicated-r12-IEs)




















OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL
-- Need OP

}

To meet above requirements this solution would require that IE SCG-RadioResourceConfigDedicated-r12-IEs would be non-critically extendable and, so that future extensions of the SCG configuration are done inside this IE. Additionally future extensions of the MSG configuration would be done as as noncriticalExtensions in message level as today after this container IE RRCConnectionReconfiguration-v12xy-IEs. 

This can be considered as most straightforward manner to introduce DuCo in RRC connection reconfiguration message. However, we believe that this introduces quite complex ASN.1 and signalling extension in future. Therefore we prefer to consider also alternative solutions.
When looking the RRC Connection Reconfiguration it can be noted that separation can be done in multiple levels. We could utilize level of first CHOICE and introduce completely new message in criticalExtensionsFuture. Alternatively we utilize existing spare values in second level CHOICE after rrcConnectionReconfiguration-r8.  The option of utilizing spare values could be implemented as shown below. One should note following:
· Parameters that are used to configure master eNB connection is based on Rel-8 non-critical extensions.  Signalling could be streamlined by introducing new Rel12 IE. This could be further studied.
· Parameters to be used for dual connectivity are still as example. Most likely presented parameters are needed but list is not exhaustive and need for creating Rel-12 version of the included IEs should be considered.
RRCConnectionReconfiguration ::=
SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionReconfiguration-r8

RRCConnectionReconfiguration-r8-IEs,




rrcConnectionReconfiguration-r12
 RRCConnectionReconfiguration-r12-IEs,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}
RRCConnectionReconfiguration-r12-IEs ::= SEQUENCE {


RRCConnectionReconfiguration-r8


RRCConnectionReconfiguration-r8-IEs
OPTIONAL,-- Need OP

dualConnectivity





DualConnectivity-r12-IEs


OPTIONAL,-- Need OP

nonCriticalExtension




SEQUENCE {}






OPTIONAL -- Need OP

}

DualConnectivity-r12-IEs
::= SEQUENCE {--Parameters for example only: ---

measConfig






MeasConfig-r12





OPTIONAL,
-- Need OP


radioResourceConfigCommonPCell-r12
RadioResourceConfigCommonPCell-r12
OPTIONAL, -- Cond PCellAdd

radioResourceConfigDedicatedPCell
RadioResourceConfigDedicated
OPTIONAL, -- Cond PCellAdd

securityConfigHO




SecurityConfigHO
OPTIONAL, -- Cond 1A Architecture


otherConfig-r12





OtherConfig-r9




OPTIONAL,
-- Need ON


sCellconfiguration-r12



RRCConnectionReconfiguration-v1020-IEs
OPTIONAL
-- Need Scell addition modification
…
}
The additional benefit of having such separate IE is that RRC specification could be made transparent on the point which network entity is Dual Connectivity parameters and setting the values of these IEs. From UE point of view values of the IEs could be set by secondary eNB and provided by X2 interface to master eNB or values could be filled completely by the master eNB. 

Finally, one could consider the utilization of critical extension significant additional implementation effort. In above proposal existing rel-8 branch is maintained as it is but only single highest level check is needed. Therefore actual parameter procession of rel-8 branch remains unchanged in existing implementations. We believe that this additional implementation effort of the critical extension is marginal compared to complexity that is introduced by having complex ASN.1 message definition. 
Proposal 4: To utilize high level CHOICE and critically extend RRC connection reconfiguration with separate IEs for MSG and SCG configuration.
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Conclusion
In this contribution we have considered some basic issues for RRC signalling design for dual-connectivity. We propose following:
Proposal 1: Utilize RRC Connection Re-configuration for setting up DuCo. Further analyse need to support this functionality in the RRC Connection Setup messages.
Proposal 2: Isolate MSG and SCG configurations in ASN.1 and signal all parameters separately, i.e. SCG configuration shall not refer to the MSG configuration.  

Proposal 3: Introduce separate MSG and SCG configurations branches in ASN.1, and allowing both configurations to be extended separately in future.  

Proposal 4: To utilize high level CHOICE and critically extend RRC connection reconfiguration with separate IEs for MSG and SCG configuration.
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