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1
Introduction
There have been some agreements achieved during the Study Item phase for dual connectivity already. These, and some obvious consequences could be already captured within stage 2 (TS 36.300). This paper discusses the various topics and concludes with proposed stage 2 text.

2
Discussion
2.1
Commented Agreements from TR 36.842

This section lists text from TR 36.842 that has relevance for stage 2 specification for Dual Connectivity. After each relevant cited section a comment is given to summarise how we see it to be captured in stage 2.
<<<<<<<<<<<<<<<<<<<< Begin Citation >>>>>>>>>>>>>>>>>>>>

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply.
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1]. 

Bearer Split: in dual connectivity, refers to the ability to split a bearer over multiple eNBs.
Dual Connectivity: Operation where a given UE consumes radio resources provided by at least two different network points (Master and Secondary eNBs) connected with non-ideal backhaul while in RRC_CONNECTED.
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 act 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 additional radio resources for the UE, which is not the Master eNB.

Xn: interface between MeNB and SeNB. Since the current E-UTRAN architecture was selected as baseline in this study, Xn in this TR means X2.
<<<<<<<<<<<<<<<<<<<< End Citation >>>>>>>>>>>>>>>>>>>>

Comment: As can be seen above, there is already text for important definitions available for “Dual Connectivity” and “Master/Secondary eNB”. Cell Group definitions are expected to be more relevant for RAN2 discussions.
In the definition for Dual Connectivity, “Secondary eNBs” needs to be used in singular form, due to agreements captured in §8.2 of the TR (“one MeNB, one SeNB”).
It would be also advantageous to avoid names like “1A” and “3C” for the UP options in stage 2, e.g. “bearer split option” and “direct S1-U bearer option”.
<<<<<<<<<<<<<<<<<<<< Begin Citation >>>>>>>>>>>>>>>>>>>>

8.1.1.12
Interconnecting eNBs via X2 for dual connectivity specific U-plane data transmission
8.1.1.12.1
X2 User plane functions

The following X2 user plane functions are necessary for dual connectivity:

-
Transmission of user plane PDCP PDUs (for U-plane option 3C).

-
Data forwarding.

-
For 1A, SeNB Addition and Removal.

-
FFS for certain mobility scenarios.

It is FFS, whether flow control for U-plane option 3C is implemented as an X2 user plane function.

<<<<<<<<<<<<<<<<<<<< End Citation >>>>>>>>>>>>>>>>>>>>

Comment: A permanent X2 bearer needs to be established for the split bearer option.

As a further consequence, stage 3 needs to be able to establish forwarding tunnels for the direct S1-U bearer option (it is assumed that this is only necessary if the involved eNBs decide to do so based on QoS indications).

Support of flow control as an X2 UP function is pending RAN2 decisions.

<<<<<<<<<<<<<<<<<<<< Begin Citation >>>>>>>>>>>>>>>>>>>>

8.1.3
Control plane architecture for dual connectivity

In this clause, C-plane protocols and architectures for dual connectivity are evaluated.

From a standards point of view, each eNB should be able to handle UEs autonomously, i.e., provide the PCell to some UEs while acting as assisting eNB for other. 

It is assumed that there will be only one S1-MME Connection per UE.

In dual connectivity operation, the SeNB owns its radio resources and is primarily responsible for allocating radio resources of its cells. Some coordination is still needed between MeNB and SeNB to enable this as discussed in next subclauses.

<<<<<<<<<<<<<<<<<<<< End Citation >>>>>>>>>>>>>>>>>>>>

Comment: Nothing specific(ally new) from this section, most of its content is already summarised and concluded in the basic architecture agreement in §8.1.6

<<<<<<<<<<<<<<<<<<<< Begin Citation >>>>>>>>>>>>>>>>>>>>

8.1.3.4
Interconnecting eNBs via X2 for dual connectivity specific RNL signalling
8.1.3.4.1
X2 Control plane functions

At least the following additional X2 control plane functions are necessary for dual connectivity:

-
Establishment, maintenance and release of a UE context at the SeNB (including handling a corresponding UE context related signalling connection).

-
Control of user plane paths between MeNB and SeNB for a specific UE.

-
For U-plane option 3C for a specific UE.

-
For data forwarding.

-
Transfer of the TNL information of the S1 user plane paths for 1A.

-
Transfer of radio configuration related information between MeNB and SeNB for a specific UE. (It is assumed that this transfer will be performed in an X2 transparent way.)
It is FFS which mobility scenarios should be supported for dual connectivity and whether this could be supported with the functions listed above. One possible scenario could be to change the SeNB while keeping the MeNB.

<<<<<<<<<<<<<<<<<<<< End Citation >>>>>>>>>>>>>>>>>>>>

Comment: This section allows describing additional X2 functions in 36.300.

<<<<<<<<<<<<<<<<<<<< Begin Citation >>>>>>>>>>>>>>>>>>>>

8.1.6
Overall architecture

The overall E-UTRAN architecture as specified in TS 36.300 [5] and depicted there in Figure 4-1 is applicable for dual connectivity as well.

Inter-eNB signalling for dual connectivity operation will be performed by means of X2 interface signalling.

<<<<<<<<<<<<<<<<<<<< End Citation >>>>>>>>>>>>>>>>>>>>

Comment: Needs to be described in 36.300.

<<<<<<<<<<<<<<<<<<<< Begin Citation >>>>>>>>>>>>>>>>>>>>

8.2
General frameworks for dual connectivity

In the form of dual connectivity as described in subclause 7.1, the following frameworks are applied:

-
The maximum total number of serving cells per UE is 5 as for carrier aggregation.

-
Carrier aggregation is supported in the MeNB and the SeNB. I.e., the MeNB and the SeNB may have multiple serving cells for a UE.

-
In dual connectivity, a UE is connected to one MeNB and one SeNB.

-
A TAG may only comprise cells of one eNB.

-
FFS whether the maximum number of TAGs per UE is 4 as for carrier aggregation.

-
MCG and SCG may operate either in the same or in different duplex schemes.
-
Whether cells within the MCG or the SCG can operate with different duplex schemes is pending RAN1 decision on TDD/FDD carrier aggregation.
<<<<<<<<<<<<<<<<<<<< End Citation >>>>>>>>>>>>>>>>>>>>

Comment: Only the 3rd bullet is of RAN3 relevance.

<<<<<<<<<<<<<<<<<<<< Begin Citation >>>>>>>>>>>>>>>>>>>>

8.2.1
PCell functionality in SCG

The SeNB has to have one special cell containing at least PUCCH, and potentially also some other PCell functionality. However, it is not necessary to duplicate all PCell functionality for the special cell. For the special cell in SCG, the following principles are applied:

-
There is no need to provide NAS security and NAS mobility functions in the SeNB.
-
At least one cell in SeNB has configured UL and one of them is configured with PUCCH resources (could discuss whether to support more if such an enhancement is agreed for CA in Rel-12 in general).
-
FFS how a change of the cell configured with PUCCH resources in SeNB is done.

-
No RLM is needed on a cell not carrying PUCCH in the SeNB.
-
FFS whether RLM is performed on the cell carrying PUCCH in the SeNB.
-
RLF, if supported, of any SCG cell does not trigger RRC connection re-establishment.

-
The cell in the SeNB which is configured with PUCCH resources cannot be cross-carrier scheduled.
-
FFS whether Semi-persistent scheduling is needed in the SeNB
<<<<<<<<<<<<<<<<<<<< End Citation >>>>>>>>>>>>>>>>>>>>

Comment: Only the 1st bullet might be of RAN3 relevance.

<<<<<<<<<<<<<<<<<<<< Begin Citation >>>>>>>>>>>>>>>>>>>>

8.2.2
Bearer split modelling

To realize the selected user plane architecture Alternative 1A and 3C, the following principles are applied:

-
Options 1A and/or 3C are aimed to realize by RRC configuration. Deviations in the protocol stack for different configurations should be limited.

-
For instance, a new specification of PDCP-SeNB should be not introduced.

-
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.

-
FFS whether a bearer/UE currently split across SeNB and MeNB (3C) cannot be reconfigured to be served only via the SeNB (1A) and vice versa unless the SeNB is released and re-added.
-
FFS whether some bearers of a UE may be split (3C) while others are served by the SeNB (1A).
-
RLC STATUS PDUs are transmitted to corresponding eNBs via the corresponding Uu interface.
-
FFS whether UL data is transmitted to one eNB only or maybe split across eNBs.

<<<<<<<<<<<<<<<<<<<< End Citation >>>>>>>>>>>>>>>>>>>>

Comment: Only the 2nd to 4th bullet might be of RAN3 relevance, however, if signalling is designed in a modular way support should be possible for all 4 bullets, hence dependency on RAN2 discussions is not assumed.

<<<<<<<<<<<<<<<<<<<< Begin Citation >>>>>>>>>>>>>>>>>>>>

9
Conclusions
<<<<<<<<<<<<<<<<<<<< End Citation >>>>>>>>>>>>>>>>>>>>

Comment: As no new information was found in the conclusion section, citation and discussion was skipped.
2.2
Proposed Stage 2 text for general architecture / connectivity related topics

It is proposed to open up a new subsection in section 4 of 36.300 to describe dual connectivity. We decided to put dual connectivity under a general “small cells” subsection in order to allow capturing future small-cell specific functions.
<<<<<<<<<<<<<<<<<<<< Start of proposed Modifications  >>>>>>>>>>>>>>>>>>>>

4.x
Support for Small Cells

4.x.1
Dual Connectivity
4.x.1.1
General

The overall E-UTRAN architecture as specified in section 4 and depicted in Figure 4-1 is applicable for dual connectivity as well.

eNBs involved in dual connectivity for a certain UE may assume two different roles: an eNB may either act as a Master eNB (MeNB) or as a Secondary eNB (SeNB). In dual connectivity a UE is connected to one MeNB and one SeNB.
E-UTRAN Control Plane for dual connectivity

Inter-eNB control plane signalling for dual connectivity is performed by means of X2 interface signalling. Control plane signalling towards the EPC is performed by means of S1 interface signalling. There is only one S1-MME connection per UE between the MeNB and the MME. Each eNB should be able to handle UEs autonomously, i.e. provide the PCell to some UEs while acting as SeNB for other. Each eNB involved in dual connectivity for a certain UE owns its radio resources and is primarily responsible for allocating radio resources of its cells, respective coordination between MeNB and SeNB is performed by means of X2 interface signalling.

Figure 4.7.1-1 shows C-plane connectivity of eNBs involved in dual connectivity for a certain UE: The MeNB is c-plane connected to the EPC via S1-MME, the MeNB and the SeNB are interconnected via X2-C.
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Figure 4.7.1-1: C-Plane connectivity of eNBs involved in dual connectivity
E-UTRAN User Plane for dual connectivity

Figure 4.7.1-2 shows U-plane connectivity of eNBs involved in dual connectivity for a certain UE: The MeNB is u-plane connected to the EPC via S1-U, for bearers configured with the split bearer option, the MeNB and the SeNB are interconnected via X2-U, for bearers configured with the direct S1-U bearer option, the SeNB is directly connected with the S-GW via S1-U. The split bearer option allows splitting resources for a single EPS-bearer between the MeNB and the SeNB.
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Figure 4.7.1-2: U-Plane connectivity of eNBs involved in dual connectivity.
<<<<<<<<<<<<<<<<<<<< End of proposed Modifications  >>>>>>>>>>>>>>>>>>>>

2.3
Proposed Stage 2 text for definitions and abbreviations

We would further propose to take over definitions and acronyms provided in TR 36.842 and to enhance them by definitions for the two u-plane options
<<<<<<<<<<<<<<<<<<<< Start of proposed Modifications  >>>>>>>>>>>>>>>>>>>>

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

…

Direct S1-U Bearer Option: in dual connectivity, refers to the option to configure EPS bearers to connect directly S1-U between the SeNB and the S-GW.
Dual Connectivity: Operation where a given UE consumes radio resources provided by two different network points (Master and Secondary eNB) connected with non-ideal backhaul while in RRC_CONNECTED.
…

Master eNB: in dual connectivity, the eNB which terminates at least S1-MME and therefore act as mobility anchor towards the CN.
…

Secondary eNB: in dual connectivity, an eNB providing additional radio resources for the UE, which is not the Master eNB.

…

Split Bearer Option: in dual connectivity, refers to the option which allows splitting resources between the MeNB and the SeNB for a single EPS-bearer.
…

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

…
MeNB
Master eNB

…
SeNB
Secondary eNB

…
<<<<<<<<<<<<<<<<<<<< End of proposed Modifications  >>>>>>>>>>>>>>>>>>>>

2.4
Proposed Stage 2 text for S1 and X2 functions

Available content from the TR would also allow to capture basic S1 and X2 protocol functions.

For the S1 functions, current stage 2 text in [2] is given as follows:

<<<<<<<<<<<<<<<<<<<< Begin Citation >>>>>>>>>>>>>>>>>>>>

19.2.1
S1 Interface Functions

The S1 interface provides the following functions:

-
E-RAB Service Management function:

-
Setup, Modify, Release.

-
Mobility Functions for UEs in ECM-CONNECTED:

-
Intra-LTE Handover;

-
Inter-3GPP-RAT Handover.

<<<<<<<<<<<<<<<<<<<< End Citation >>>>>>>>>>>>>>>>>>>>

As the S1 Path Switch function for X2 HO is not explicitly mentioned in the list of functions, it is contained in the “mobility functions” part, we would suggest to follow the same approach for the DC specific path switch function, it could be seen as part of the E-RAB service management function (irrespective the actual signalling solution).
This leaves us with X2 functions, which are proposed to be captured in the following way:
<<<<<<<<<<<<<<<<<<<< Start of proposed Modifications  >>>>>>>>>>>>>>>>>>>>

20.2.1
X2-CP Functions

The X2AP protocol supports the following functions:

-
Intra LTE-Access-System Mobility Support for UE in ECM-CONNECTED:

-
Context transfer from source eNB to target eNB;

-
Control of user plane tunnels between source eNB and target eNB;
-
Handover cancellation.

-
Support of Dual Connectivity for UE in ECM-CONNECTED:

-
Establishment, Modification and Release of SeNB resources.

-
Load Management;
-
General X2 management and error handling functions:

-
Error indication;

-
Setting up the X2;

-
Resetting the X2;

-
Updating the X2 configuration data.

-
Mobility failure event notification and information exchange in support of handover settings negotiation;

-
Energy Saving. This function allows decreasing energy consumption by enabling indication of cell activation/deactivation.
<<<<<<<<<<<<<<<<<<<< End of proposed Modifications  >>>>>>>>>>>>>>>>>>>>

3
Proposal
It is proposed to agree on the proposed stage 2 text and to continue working on a (RAN3 specific) stage 2 baseline CR as submitted in [3].
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