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1 Introduction
It has been agreed that a UE can be configured with three types of radio bearers in dual connectivity mode, i.e., bearer only served by MeNB (legacy), bearer only served by SeNB (1A), and bearer served by MeNB and SeNB (3C):
“Some bearers of a UE may be split (3C) while others are only served by the MeNB.
Some bearers of a UE may be served by the SeNB (1A) while others are only served by the MeNB.”
This contribution discusses how RRC configurations for 1A and 3C bearers should be structured and what RRC procedures should be supported for these three types of bearers. And we give our proposals based on the discussions.
2 Discussion
Several factors may be considered when determining the bearer type of a specific bearer. These factors include the measurement report from UE, the bearer types supported by UE, the load of X2 backhaul between MeNB and SeNB, the signaling load on MME, the QoS of the bearer, the traffic load of MeNB and SeNB and so on. Since the MeNB can obtain all these factors, we think that it is better for the MeNB to make decision on the bearer type of a specific bearer. 
Proposal 1: The MeNB decides the bearer type of a specific bearer when radio bearer configuration is performed for dual connectivity. 

2.1 Configuration contents 
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Figure 1 Protocol stack of three types of bearers
There are three types of bearers in the system after dual connectivity is introduced: legacy bearer, 1A bearer and 3C bearer. Figure 1 illustrates the radio protocol structure for the three types of bearers inside UE. From the figure we can see that bearer of different type involves different protocol entities and logical channel(s):
· Legacy bearer: one PDCP entity (PDCP-m), one RLC entity (RLC-m), and one logical channel (LCH-m), interfacing one MAC entity and one PHY entity on MeNB.

· 1A bearer: one PDCP entity (PDCP-s), one RLC entity (RLC-s), and one logical channel (LCH-s), interfacing one MAC entity and one PHY entity on SeNB.
· 3C bearer: one PDCP entity (PDCP-m) on MeNB, two RLC entities (RLC-m and RLC-s) and two logical channels (LCH-m and LCH-s), interfacing two MAC entities and two PHY entities respectively on MeNB and SeNB.

Hence, radio bearer configuration in dual connectivity consists of the configurations of the above combination of protocol entities and logical channel(s). 
It has been agreed that the SeNB owns its radio resources and is primarily responsible for allocating radio resources of its cells. Since the RRC configurations of the protocol entities PDCP-s, RLC-s, LCH-s, MAC-s and PHY-s are closely related to the utilization of radio resources of the SeNB, the SeNB should be responsible for generating the RRC configurations for these protocol entities and logical channel. Similarly, the MeNB should be responsible for generating the RRC configurations of the protocol entities and logical channel on MeNB, i.e. PDCP-m, RLC-m, LCH-m, MAC-m and PHY-m. 

If we denote the RRC configurations generated by the SeNB as RadioResourceConfigDedicatedSCG and denote the RRC configurations generated by the MeNB as RadioResourceConfigDedicatedMCG, then RadioResourceConfigDedicatedSCG and RadioResourceConfigDedicatedMCG can have structure similar to the existing RadioResourceConfigDedicated, as the followings:

RadioResourceConfigDedicatedSCG-r12 ::=

SEQUENCE {


drb-ToAddModList-r12




DRB-ToAddModListDC-r12

OPTIONAL,
-- Need FFS 




drb-ToReleaseList-r12




DRB-ToReleaseList


OPTIONAL, 
-- Need FFS 




mac-MainConfig-r12





CHOICE {




explicitValue




MAC-MainConfig,




defaultValue




NULL


}

OPTIONAL,















-- Need FFS 

physicalConfigDedicated-r12



PhysicalConfigDedicated

OPTIONAL
-- Need FFS 
}
RadioResourceConfigDedicatedMCG-r12 ::=

SEQUENCE {

srb-ToAddModList-r12




SRB-ToAddModList


OPTIONAL, 
-- Need FFS 




drb-ToAddModList-r12




DRB-ToAddModListDC-r12

OPTIONAL, 
-- Need FFS 




drb-ToReleaseList-r12




DRB-ToReleaseList


OPTIONAL, 
-- Need FFS 




mac-MainConfig-r12





CHOICE {




explicitValue




MAC-MainConfig,




defaultValue




NULL


}

OPTIONAL,















-- Need FFS 

physicalConfigDedicated-r12



PhysicalConfigDedicated

OPTIONAL
-- Need FFS 
}

DRB-ToAddModListDC-r12 ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddModDC-r12
DRB-ToAddModDC-r12 ::=
SEQUENCE {


eps-BearerIdentity-r12




INTEGER (0..15)


OPTIONAL,

-- Need FFS

drb-Identity-r12





DRB-Identity,


pdcp-Config-r12






PDCP-Config



OPTIONAL,

-- Cond 1A



rlc-Config-r12






RLC-Config



OPTIONAL,

-- Need FFS

logicalChannelIdentity-r12



INTEGER (3..10)


OPTIONAL,

-- Need FFS

logicalChannelConfig-r12



LogicalChannelConfig
OPTIONAL

-- Need FFS



}
From the above structures, it can be observed that 
· 1A bearer can be configured using only RadioResourceConfigDedicatedSCG (generated by the SeNB), since all the configurations are related to the SeNB; and 
· 3C bearer needs to be configured with both RadioResourceConfigDedicatedSCG (generated by the SeNB) and RadioResourceConfigDedicatedMCG (generated by the MeNB), since the configurations are related to both the SeNB and the MeNB.
Proposal 2: Radio bearer configuration for dual connectivity can be performed using configuration contents generated separately by the SeNB and the MeNB.
Furthermore, comparing RadioResourceConfigDedicatedSCG and RadioResourceConfigDedicatedMCG, it can be observed that the pdcp-Config is always present in RadioResourceConfigDedicatedMCG for both 1A bearer and 3C bearer, but pdcp-Config is only present in RadioResourceConfigDedicatedSCG for 1A bearer. Hence the MeNB need to send a bearer type indication to the SeNB when a radio bearer is configured in the dual connectivity mode.
Proposal 3: The MeNB needs to indicate the bearer type to the SeNB when a radio bearer is configured in the dual connectivity mode.
2.2 Configuration procedures
Table 1 lists procedures involved in dual connectivity for radio bearer setup, modification, and release. The first column indicates the original states of a radio bearer, and the first row indicates the target states. The corresponding entries illustrate the procedural behaviors needed for the bearer setup, the bearer modification and release of the legacy bearer, 1A bearer, and 3C bearer, respectively. 
Table 1 RRC procedures involved in dual connectivity for bearer addition, modification, and release
	
	Null
	Legacy bearer
	1A bearer
	3C bearer

	Null
	
	Legacy bearer addition procedure:

establish PDCP-m, RLC-m and LCH-m.
	1A bearer addition procedure:

establish PDCP-s, RLC-s and LCH-s.
	3C bearer addition procedure:

establish PDCP-m, RLC-m, and LCH-m;

establish RLC-s and LCH-s.

	Legacy bearer
	Legacy bearer release procedure:

To release PDCP-m, RLC-m and LCH-m.
	Legacy bearer modification procedure:

To reconfigure PDCP-m, RLC-m or LCH-m.
	Legacy to 1A bearer switch procedure:

To release PDCP-m, RLC-m and LCH-m;

To establish PDCP-s, RLC-s and LCH-s.
	Legacy to 3C bearer switch procedure:

To reconfigure PDCP-m, RLC-m or LCH-m;

To establish RLC-s and LCH-s.

	1A bearer
	1A bearer release procedure:

To release PDCP-s, RLC-s and LCH-s.
	1A to legacy bearer switch procedure:

To release PDCP-s, RLC-s and LCH-s;

To establish PDCP-m, RLC-m and LCH-m.
	1A bearer modification procedure:

To reconfigure PDCP-s, RLC-s or LCH-s.
	1A to 3C bearer switch procedure:

To release PDCP-s, RLC-s and LCH-s;

To establish PDCP-m, RLC-m and LCH-m;

To establish RLC-s and LCH-s.

	3C bearer
	3C bearer release procedure:

To release PDCP-m, RLC-m, and LCH-m;

To release RLC-s and LCH-s.
	3C to legacy bearer switch procedure:

To release RLC-s and LCH-s;

To reconfigure PDCP-m, RLC-m or LCH-m.
	3C to 1A bearer switch procedure:

To release PDCP-m, RLC-m and  LCH-m;

To release RLC-s and LCH-s;

To establish PDCP-s, RLC-s and LCH-s.
	3C bearer modification procedure:

To reconfigure PDCP-m, RLC-m or LCH-m;

To reconfigure RLC-s or LCH-s.


Bearer type switch between 1A and 3C can be accomplished with two options:
Direct bearer switch
· 1A to 3C bearer switch procedure = 1A bearer release procedure + 3C bearer addition procedure
· 3C to 1A bearer switch procedure = 3C bearer release procedure + 1A bearer addition procedure
Indirect bearer switch

· 1A to 3C bearer switch procedure = 1A to legacy bearer switch procedure + legacy to 3C bearer switch procedure

· 3C to 1A bearer switch procedure = 3C to legacy bearer switch procedure + legacy to 1A bearer switch procedure

Based on the analysis of configuration contents in Section 2.1, it can be observed that by signalling both RadioResourceConfigDedicatedSCG and RadioResourceConfigDedicatedMCG with appropriate settings in one RRC connection reconfiguration message to UE, bearer type switch can be easily accomplished by combining release and addition procedures. In other words, after the RRC configuration structures in the section 2.1 are introduced and the basic addition and release procedures of 1A and 3C bearers are specified, the extra complexities of implementing direct bearer switch between 1A and 3C are very limited. 
On the other hand, we note that indirect bearer switch between 1A and 3C needs two RRC connection reconfiguration procedures for a single bearer switching. Hence, it in fact is a more complex option and also incurs extra signaling load and time latency when compared to the direct bearer switch option.
Proposal 4: Direct bearer switch between 1A and 3C should be supported.
3 Conclusion
The contribution analyzes the configuration contents and procedures involved in the addition, modification, and release of radio bearer in dual connectivity. Based on the analysis, we have the following proposals:

Proposal 1: The MeNB decides the bearer type of a specific bearer when radio bearer configuration is performed for dual connectivity. 

Proposal 2: Radio bearer configuration for dual connectivity can be performed using configuration contents generated separately by the SeNB and the MeNB.
Proposal 3: The MeNB needs to indicate the bearer type to the SeNB when a radio bearer is configured in the dual connectivity mode.
Proposal 4: Direct bearer switch between 1A and 3C should be supported.
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