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1
Introduction
The WI agreed for dual connectivity [RP-132069] covers both U-plane architectures 1A (for no bearer split) and 3C (for bearer split). During RAN2#83bis, it was agreed that "we aim to realize options 1A and/or 3C by RRC Configuration. Deviations in the protocol stack for different configurations should be limited".  Later at RAN2#84, we agreed that one "UE side MAC entity is configured per Cell Group, i.e. one MAC for MCG and the other MAC for SCG" [R2-134490]. This contribution investigates further principles for the standardisation of dual connectivity in RAN2 specification.
2
Terminology

First it is proposed to discuss the terminology of the Study Item in TR 36.842. In general, we think it can be adopted with a few minor updates. By incorporating track changes to the definitions of the TR, this gives us the following:
Bearer Split: in dual connectivity, refers to the ability to split a bearer over two eNBs.
Dual Connectivity: Operation where a given UE in RRC_CONNECTED consumes radio resources provided by at least two different network points (Master and Secondary eNBs) connected with non-ideal backhaul.
Master Cell Group: the group of the serving cells associated with the MeNB.
Master eNB: in dual connectivity, the eNB which terminates at least S1-MME and therefore acts as mobility anchor towards the CN.
Secondary Cell Group: the group of the serving cells associated with the SeNB.
Secondary eNB: in dual connectivity, an eNB providing radio resources for the UE but is not the Master eNB.
Proposal 1: agree the terminology of the Study Item with the proposed updates.
With dual connectivity, there are three different ways to setup a bearer:

-
bearer for which the user plane protocols are only located in the MeNB (legacy handling); 

-
bearer for which the user plane protocols are located in both the MeNB and SeNB (corresponding to bearer split i.e. Alt 3C);

-
bearer for which the user plane protocols are only located in the SeNB (corresponding to Alt.1A).

In 3GPP contributions, 1A and 3C have been used to distinguish the later two. Such a cryptic terminology should probably be avoided in specifications. Furthermore, we need to be able to designate the first kind of bearer i.e. the bearers handled by the MeNB. Finally, we need one name to refer to all three types. Our suggestion would be to use the following terminology:

-
Bearer: for all types of bearers, applicable to legacy configurations;
-
Direct Bearer: bearer for which the user plane protocols are only located in the MeNB;

-
Split Bearer: for which the user plane protocols are located in both the MeNB and SeNB (corresponding to bearer split i.e. Alt 3C);

-
Offloaded Bearer: bearer for which the user plane protocols are only located in the SeNB (corresponding to Alt.1A).
Proposal 2: agree the terms direct bearer, split bearer and offloaded bearer.
3
Bearer Modelling
3.1
Rel-8 & 9

In LTE, a DRB consists of [36.331]:

-
one drb-Identity and one eps-BearerIdentity identifying the bearer;

-
one PDCP entity, configured according to pdcp-Config;

-
one RLC entity or entities configured in accordance with the received rlc-Config;

-
one logical channel identified by the logicalChannelIdentity and configured according to logicalChannelConfig for handling and processing in MAC.
RadioResourceConfigDedicated ::=

SEQUENCE {


srb-ToAddModList




SRB-ToAddModList


OPTIONAL, 

-- Cond HO-Conn


drb-ToAddModList




DRB-ToAddModList


OPTIONAL, 

-- Cond HO-toEUTRA


drb-ToReleaseList




DRB-ToReleaseList


OPTIONAL, 

-- Need ON


mac-MainConfig





CHOICE {




explicitValue




MAC-MainConfig,




defaultValue




NULL


}

OPTIONAL,















-- Cond HO-toEUTRA2


sps-Config






SPS-Config 




OPTIONAL,

-- Need ON


physicalConfigDedicated



PhysicalConfigDedicated

OPTIONAL,

-- Need ON


...

}

DRB-ToAddMod ::=
SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)


OPTIONAL,

-- Cond DRB-Setup


drb-Identity





DRB-Identity,


pdcp-Config






PDCP-Config



OPTIONAL,

-- Cond PDCP


rlc-Config






RLC-Config



OPTIONAL,

-- Cond Setup


logicalChannelIdentity



INTEGER (3..10)


OPTIONAL,

-- Cond DRB-Setup


logicalChannelConfig



LogicalChannelConfig
OPTIONAL,

-- Cond Setup


...

}
The concept of entity allows multiple independent configurations of the same layer to originate from the same specification and coexist at the same time, thereby maximising flexibility while minimising specification work. Because each bearer requires its own RLC and own PDCP, it was a natural choice to introduce PDCP and RLC entities for these two layers. At MAC however, since a common layer handling all transmissions is required, the concept of entity was not needed: there is only one MAC layer configured with mac-MainConfig. The data path and processing of a bearer in MAC is called a logical channel (the service access point, SAP) and identified by the logicalChannelIdentity in RRC and LCID in MAC [36.321]. Similarly, there is no concept of PHY entity; there is only one PHY layer configured with physicalConfigDedicated (for the dedicated part).
3.2
Rel-10 & 11

The addition of Carrier Aggregation (CA) in Rel-10 did not change how radio bearers are configured in RRC. The multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per serving cell. CA however required the configuration of SCells, which could be compared to PHY entities: one entity for the PCell configured by physicalConfigDedicated and one or several entity(ies) for the SCell(s) configured by physicalConfigDedicatedSCell.

RadioResourceConfigDedicated ::=

SEQUENCE {


srb-ToAddModList




SRB-ToAddModList


OPTIONAL, 

-- Cond HO-Conn


drb-ToAddModList




DRB-ToAddModList


OPTIONAL, 

-- Cond HO-toEUTRA


drb-ToReleaseList




DRB-ToReleaseList


OPTIONAL, 

-- Need ON


mac-MainConfig





CHOICE {




explicitValue




MAC-MainConfig,




defaultValue




NULL


}

OPTIONAL,















-- Cond HO-toEUTRA2


sps-Config






SPS-Config 




OPTIONAL,

-- Need ON


physicalConfigDedicated



PhysicalConfigDedicated

OPTIONAL,

-- Need ON


...,


[[
rlf-TimersAndConstants-r9


RLF-TimersAndConstants-r9

OPTIONAL
-- Need ON


]],


[[
measSubframePatternPCell-r10
MeasSubframePatternPCell-r10

OPTIONAL
-- Need ON


]]

}

RadioResourceConfigDedicatedSCell-r10 ::=
SEQUENCE {


-- UE specific configuration extensions applicable for an SCell


physicalConfigDedicatedSCell-r10

PhysicalConfigDedicatedSCell-r10
OPTIONAL,
-- Need ON


...

}

DRB-ToAddMod ::=
SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)


OPTIONAL,

-- Cond DRB-Setup


drb-Identity





DRB-Identity,


pdcp-Config






PDCP-Config



OPTIONAL,

-- Cond PDCP


rlc-Config






RLC-Config



OPTIONAL,

-- Cond Setup


logicalChannelIdentity



INTEGER (3..10)


OPTIONAL,

-- Cond DRB-Setup


logicalChannelConfig



LogicalChannelConfig
OPTIONAL,

-- Cond Setup


...

}

3.3
Dual Connectivity
The two figures below depict these three options for the downlink and for the uplink respectively.
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Figure 1: Dual Connectivity Options in the Downlink
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Figure 2: Dual Connectivity Options in Uplink

Although simplified, the above pictures show that at RLC and PDCP, the same concept of entities can be used within a radio bearer. The only difference being how those entities are configured, used and communicate with each others. Then, because dual connectivity distinguishes itself from CA by the usage of two different MAC layers in two different eNBs, two MAC layers need to be set up. To do this, separate MAC entities were agreed at RAN2#84: "UE side MAC entity is configured per Cell Group, i.e. one MAC for MCG and the other MAC for SCG" [R2-134490]. With separate MAC entities we can rely on existing MAC specification and limit the changes to behaviours specific to MeNB/SeNB and their possible interaction. Having two MAC entities also supports the other working assumptions made in RAN2 so far: separate DRX, configuration, random access procedure on SCell…
As a result, in Rel-12, DRB-ToAddMod will have to include multiple rlc-Config and indicate on which MAC entity they map:

-
for direct bearer, the same Rel-10 DRB-ToAddMod can be used

-
for offloaded bearer, DRB-ToAddMod will have to indicate that the secondary MAC entity is used

-
for split bearer, DRB-ToAddMod will have to include two RLC entities and to which MAC entity they belong (or which SCG)
Proposal 3: in Dual Connectivity, DRB-ToAddMod will need to signal more than one RLC entity and to which MAC entity (or SCG) they belong.
4
Identities

4.1
Logical Channels

Having to configure two separate MAC entities raises one question: should the logicalChannelIdentity share a common pool or be totally independent? Since only SRBs will be transmitted via the MeNB, it would be possible to coordinate the logicalChannelIdentity and avoid overlaps. 
With a common LCID pool:

+
the LCID would be an implicit indication of the MAC entity to which a logical channel belongs;

-
different LCID will have to be used for a split bearer, therefore reducing the maximum number of logical channels that can be supported;

-
network coordination required to split the pool.

With separate LCID pools:

+
the same LCID could be used for a split bearer;

-
the LCID cannot indicate alone the MAC entity to which a logical channel belongs;

-
network coordination required if the same LCID is to be given for a split bearer;

-
LCID for SRBs left unused in SeNB.

Proposal 4: discuss whether the logicalChannelIdentity should share a common pool among the two MAC entities.
4.2 
C-RNTI
Having to configure two separate MAC entities raises one question: should the UE-Identity or CRNTI be common or totally independent? With separate MAC and physical layers, we do not see the benefit of having a common C-RNTI, apart from perhaps one less thing to configure to the UE. But, that would also mean one more thing to coordinate in the network. Our preference, would be to leave each eNB manage its own pool of C-RNTI. 

Proposal 5: assume one C-RNTI per MAC entity.
5
Mobility

5.1
Measurements

When Carrier Aggregation was introduced in Rel-12, the meaning of intra-frequency measurements was extended to cover any serving cell of the configured set [36.300]: 

-
Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when one of the serving cells of the configured set and the target cell operates on the same carrier frequency. The UE shall be able to carry out such measurements without measurement gaps.

-
Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the neighbour cell operates on a different carrier frequency than any serving cell of the configured set. The UE should not be assumed to be able to carry out such measurements without measurement gaps.
We think that the same principle can apply to dual connectivity: intra-frequency measurements cover measurements on all carrier frequencies of all cells in MCG and SCG.

Proposal 6: for measurements, the configured set of serving cell includes all cells from MCG and SCG.

5.2
Handover

In RAN2 specifications, although handovers are defined as "procedure that changes the serving cell of a UE in RRC_CONNECTED" [36.300], because the target can be the same as the source (intra-cell handover), the terminology is somewhat loose, at least when now considering Dual Connectivity. In RRC, a handover is defined as RRCConnectionReconfiguration including the mobilityControlInfo. In RAN3, the situation is perhaps less ambiguous with handover being solely for procedures involving both a source and target eNB. In any case, when adding/changing/removing an SCG, with a different C-RNTI, possibly with secondary bearers and their own security keys, comes the question: is this a handover? We essentially believe that because the S1-MME termination does not change with such a reconfiguration, our preference is not to call this a handover.
Proposal 7: SCG addition/change/removal is not considered as a handover.
5.3
Inter-RAT Mobility

Although not yet discussed, incoming handovers from GERAN, UTRAN and CDMA2000 need to be considered. As a first step, there is probably no need to change/optimise inter-RAT mobility procedures to support Dual Connectivity through SeNB addition since a reconfiguration once in E-UTRAN seems sufficient. While this may not simplify our specification work too much, this would certainly remove the need for discussing the need of yet another FGI (see FGI 112).
Proposal 8: do not support SeNB addition during inter-RAT handover towards E-UTRAN.
6
Conclusion
In order to establish solid basis while minimising changes to existing specifications, the following proposals were made for Dual Connectivity:
Proposal 1: agree the terminology of the Study Item with the proposed updates.

Proposal 2: agree the terms direct bearer, split bearer and offloaded bearer.

Proposal 3: in Dual Connectivity, DRB-ToAddMod will need to signal more than one RLC entity and to which MAC entity (or SCG) they belong.

Proposal 4: discuss whether the logicalChannelIdentity should share a common pool among the two MAC entities.
Proposal 5: assume one C-RNTI per MAC entity.
Proposal 6: for measurements, the configured set of serving cell includes all cells from MCG and SCG.

Proposal 7: SCG addition/change/removal is not considered as a handover.
Proposal 8: do not support SeNB addition during inter-RAT handover towards E-UTRAN.
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