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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.



1
Scope


The present document provides an overview of the multi-connectivity operation using E-UTRA and NR radio access technologies. Details of the radio interface protocols are specified in companion specifications of the 36 and 38 series.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

…

[x]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".


3
Definitions, symbols and abbreviations


3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP 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 3GPP TR 21.905 [1].




eNB: A radio node which provides E-UTRA access and connects to the EPC and/or to the 5GC.
gNB: A radio node which provides NR access.
Master eNB: in dual connectivity, the eNB which terminates at least S1-MME or NG-C.
Master gNB: in dual connectivity, the gNB which terminates at least NG-C.
Master node: in dual connectivity, either a Master eNB or a Master gNB.
NG: Interface between a gNB or an eNB and the 5GC.
NG-RAN: A Radio Access Network which supports either NR or E-UTRA or both, interfacing with the 5GC (see TR 23.799 [XX]). 

NG-C: A control plane interface used on the NG2 reference points (defined in TR 23.799 [XX]) between NG-RAN and 5GC.
NG-U: A user plane interface used on the NG3 reference points (defined in TR 23.799 [XX]) between NG-RAN and 5GC.

Secondary eNB: in dual connectivity, the eNB that is providing additional radio resources for the UE but is not the Master node.
Secondary gNB: in dual connectivity, the gNB that is providing additional radio resources for the UE but is not the Master node.
Secondary node: in dual connectivity, either a Secondary eNB or a Secondary gNB.
3.2
Symbols

For the purposes of the present document, the following symbols apply:


<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP 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 3GPP TR 21.905 [1].


<ACRONYM>
<Explanation>

4
Multi-connectivity with the EPC
4.1
General
A multiple Rx/Tx UE connected to the EPC may be configured to utilise radio resources provided by multiple distinct schedulers connected via non-ideal backhaul.
4.2
Intra-E-UTRA dual connectivity

E-UTRAN supports Dual Connectivity (DC) operation whereby a multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in two eNBs connected via a non-ideal backhaul over the X2 interface. This is described in TS 36.300 [XX].

4.3
E-UTRA-NR dual connectivity (EN-DC)

E-UTRAN supports E-UTRA-NR Dual Connectivity (EN-DC) operation whereby a multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, one located in an eNB, acting as a MeNB, and another one located in a gNB, connected to the eNB via a non-ideal backhaul over the X2 interface (see TR 38.801 [XX]) and acting as a SgNB. In EN-DC a UE is connected to one MeNB and one SgNB.


4.3.1
Overall architecture

4.3.1.1
General
EN-DC reuses the principles of Dual Connectivity (DC) specified in TS 36.300 [XX], with some modifications. S1 procedures described in TS 36.300 [XX] and in TS 36.413 [XX] are completely reused.
4.3.1.2
Radio Protocol Architecture

4.3.1.2.1
Control Plane

In EN-DC, the UE has a single RRC state machine, based on the MeNB and a single C-plane connection towards the MME. Figure 4.3.1.2.1-1 illustrates the Control plane architecture for EN-DC. Each radio node has its own RRC entity which can generate RRC PDUs and inter-node PDUs. RRC PDUs and inter-node PDUs generated by the SgNB are embedded with RRC PDUs generated by the MeNB and transported via the MeNB to the UE for the first configuration and for SgNB RRC reconfiguration requiring MeNB RRC reconfiguration and vice versa. The MeNB needs not to modify or add the UE configuration for the SgNB.
The UE can be configured to establish a SRB with the SgNB (SCG SRB) to enable RRC PDUs for the SgNB to be sent directly between the UE and the SgNB. RRC PDUs for the SgNB can only be transported directly to the UE for SgNB RRC reconfiguration not requiring any coordination with the MeNB. Measurement reporting for mobility within the SgNB can be done directly from the UE to the SgNB if a SCG SRB is configured. Support of direct RRC PDU transmission between the UE and the SgNB does not imply that the UE has to do any reordering of RRC messages.


[image: image3.emf]Uu

SgNB

NR RRC

Uu

X2-C

MeNB

RRC

UE

RRC

(MeNB 

state)

S1


Figure 4.3.1.2.1-1:
Control plane architecture for EN-DC.
4.3.1.2.1.1
UE capability coordination

A UE supporting both E-UTRA and NR reports its capability information for both E-UTRA and NR respectively, which are independent with each other. A node of one RAT needs not to look at and not to use the capabilities of the other RAT. For the UE capabilities requiring coordination between E-UTRA and NR, it is up to the MeNB to decide on how to resolve the dependency between E-UTRA and NR. The SgNB can initiate the re-negotiation of the UE capability. Upon receiving the re-negotiation request from the SgNB, it is up to the MeNB to make the final decision.
4.3.1.2.2
User Plane

In EN-DC, the radio protocol architecture that a particular radio bearer uses depends on how the radio bearer is setup. Four bearer types exist: MCG bearer, MCG split bearer, SCG bearer and SCG split bearer. Those four bearer types are depicted on Figure 4.3.1.2.2-1 and 4.3.1.2.2-2 below. 
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Figure 4.3.1.2.2-1: Radio Protocol Architecture for MGC bearer, SCG bearer and MCG split bearer in EN-DC
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Figure 4.3.1.2.2-2: Radio Protocol Architecture for SCG split bearer in EN-DC
In EN-DC, the LTE QoS framework defined in TS 36.300 [XX] applies:

-
E-RAB (and concerning S1-U bearer) is established between the EPC and the gNB for SCG bearers and SCG split bearers.
-
X2-U is established between the eNB and the gNB for MCG split bearers and SCG split bearers.
-
DRB is established between the gNB and the UE for SCG bearers, MCG split bearers and SCG spilt bearers.
4.3.1.3
Network interfaces
4.3.1.3.1
Control Plane
Control plane signalling between MeNB and SgNB is performed by means of X2 interface signalling. Control plane signalling between the MME and the MeNB is performed by means of S1 interface signalling.

Figure 4.3.1.3.1-1 shows C-plane connectivity of eNB and gNB involved in EN-DC for a certain UE: the S1-MME is terminated in MeNB and the MeNB and the SgNB are interconnected via X2-C.
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Figure 4.3.1.3.1-1: Control Plane connectivity for EN-DC
4.3.1.3.2
User Plane
For EN-DC different user plane architectures are allowed: one in which the S1-U only terminates in the MeNB and the user plane data is transferred from MeNB to SgNB using the X2-U, a second architecture where the S1-U can also terminate in the SgNB and a third one where the S1-U only terminates in the SgNB and the user plane data is transferred from SgNB to MeNB using the X2-U. Figure 4.3.1.3.2-1 shows different U-plane connectivity options of eNB and gNB involved in EN-DC for a certain UE.

Different bearer options can be configured with different user plane architectures. U-plane connectivity depends on the bearer option configured:

-
For MCG bearers, the S1-U connection for the corresponding bearer(s) to the S-GW is terminated in the MeNB. The SgNB is not involved in the transport of user plane data for this type of bearer(s) over the Uu.

-
For MCG split bearers, the S1-U connection to the S-GW is terminated in the MeNB. PDCP data is transferred between the MeNB and the SgNB via X2-U. The SgNB and MeNB are involved in transmitting data of this bearer type over the Uu.

-
For SCG bearers, the SgNB is directly connected with the S-GW via S1-U. The MeNB is not involved in the transport of user plane data for this type of bearer(s) over the Uu.
-
For SCG split bearers, the S1-U connection to the S-GW is terminated in the SgNB. PDCP data is transferred between the SgNB and the MeNB via X2-U. The SgNB and MeNB are involved in transmitting data of this bearer type over the Uu.
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Figure 4.3.1.3.2-1: User Plane connectivity for EN-DC
NOTE:
if only MCG bearers and MCG split bearers are configured, there is no S1-U termination in the SgNB.
4.3.2
Layer 2 related aspects

Editor’s note: Only EN-DC specific aspects are covered here. Other Stage 2 L2 related aspects are described in TS 36.300.
4.3.3
RRC related aspects


4.3.3.1
System information handling

For EN-DC, the SgNB is not required to broadcast system information other than for radio frame timing and SFN. System information for initial configuration is provided to the UE by dedicated RRC signalling via the MeNB. The UE acquires, at least, radio frame timing and SFN of the SCG from the NR-PSS/SSS and PBCH of NR PSCell.
Editor’s note: It is FFS how to handle changes of system information in the secondary node.
4.3.3.2
Measurements
If the measurement is configured to the UE in preparation for the SgNB Addition procedure described in sub-clause 4.3.4.2, the MeNB should configure the measurement to the UE. In case of the intra-secondary node mobility described in sub-clause 4.3.4.6, the SgNB should configure the measurement to the UE in coordination with the MeNB, if required. For the SgNB change procedure described in sub-clause 4.3.4.6, the RRM measurement configuration is maintained by the SgNB which also processes the measurement reporting.
4.3.4
Mobility related aspects
4.3.4.1
General
Similar procedures as defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 [XX] apply for EN-DC. In EN-DC, eNB and gNB connected via X2 have roles similar to MeNB (or eNB without DC) and SeNB in intra-E-UTRA DC, respectively. In this context, the X2-U has all the functionalities of X2-U for intra-E-UTRA DC operation. 
4.3.4.2
SgNB Addition
Editor’s note: Existing procedure defined in TS 36.300 [XX] can be reused without any procedural change, but with minor update to adapt the message information to NR.
4.3.4.3
SgNB Modification (MeNB/SgNB initiated)
Editor’s note: Existing procedure defined in TS 36.300 [XX] can be reused without any procedural change, but with minor update to adapt the message information to NR.
4.3.4.4
Intra-MeNB handover involving SCG change
Editor’s note: Existing procedure defined in TS 36.300 [XX] can be reused without any procedural change.
4.3.4.5
SgNB Release (MeNB/SgNB initiated)
Editor’s note: Existing procedure defined in TS 36.300 [XX] can be reused without any procedural change.
4.3.4.6
Change of SgNB
Editor’s note: Existing procedure defined in TS 36.300 [XX] can be reused without any procedural change.
4.3.4.7
MeNB to eNB Change
Editor’s note: Existing procedure defined in TS 36.300 [XX] can be reused without any procedural change.
4.3.4.8
SCG change
Editor’s note: Existing procedure defined in TS 36.300 [XX] can be reused without any procedural change.
4.3.4.9
eNB to MeNB change
Editor’s note: Existing procedure defined in TS 36.300 [XX] can be reused without any procedural change.
4.3.4.10
Inter-MeNB handover without SgNB change
Editor’s note: Existing procedure defined in TS 36.300 [XX] can be reused without any procedural change.

4.3.5
Security related aspects


For EN-DC, S-KeNB is derived from KeNB of the MeNB.
4.3.6
X2 Interface
5
Multi-connectivity with the 5GC
5.1
General

A multiple Rx/Tx UE connected to the 5GC may be configured to utilise radio resources provided by multiple distinct schedulers connected via non-ideal backhaul.
5.2
Dual connectivity
Editor’s note: This section could address all the Dual Connectivity options using E-UTRA and NR RATs (when connected to the 5GC). 
5.2.1
Overall architecture

5.2.1.1
General
NG-RAN supports Dual Connectivity operation, whereby a multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in two different radio nodes providing E-UTRA or NR access and connected via a non-ideal backhaul.
5.2.1.2
Intra-E-UTRA dual connectivity

NG-RAN supports Dual Connectivity (DC) operation whereby a multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in two eNBs connected via a non-ideal backhaul. eNBs involved in DC for a certain UE may assume two different roles: a eNB may either act as an MeNB or as a SeNB. In DC, a UE is connected to one MeNB and one SeNB.

5.2.1.3
Intra-NR dual connectivity

NG-RAN supports Dual Connectivity (DC) operation whereby a multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in two gNBs connected via a non-ideal backhaul. gNBs involved in DC for a certain UE may assume two different roles: a gNB may either act as an MgNB or as a SgNB. In DC, a UE is connected to one MgNB and one SgNB.
5.2.1.4
E-UTRA-NR dual connectivity

NG-RAN supports E-UTRA-NR Dual Connectivity (NGEN-DC) operation whereby a multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, one located in an eNB connected to the 5GC, acting as a MeNB, and another one located in a gNB, connected to the eNB via a non-ideal backhaul over the Xn interface (see TR 38.801 [XX]) and acting as a SgNB. In NGEN-DC a UE is connected to one MeNB and one SgNB.

5.2.1.5
NR-E-UTRA dual connectivity

NG-RAN supports NR-E-UTRA Dual Connectivity (NE-DC) operation whereby a multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, one located in a gNB, acting as a MgNB, and another one located in a eNB, connected to the eNB via a non-ideal backhaul over the Xn interface (see TR 38.801 [XX]) and acting as a SeNB. In NE-DC a UE is connected to one MgNB and one SeNB.

5.2.1.6
Radio Protocol Architecture
5.2.1.6.1
Control Plane

In the different Dual Connectivity options supported by NG-RAN, the UE always has a single RRC state machine, based on the Master node and a single C-plane connection towards the AMF. Figure 5.2.1.6.1-1 illustrates the Control plane architecture for all the NG-RAN DC options. Each radio node has its own RRC entity (E-UTRA version if the node is an eNB or NR version if the node is a gNB) which can generate RRC PDUs and inter-node PDUs. RRC PDUs and inter-node PDUs generated by the Secondary node are embedded with RRC PDUs generated by the Master node and transported via the Master node to the UE for the first configuration and for Secondary node RRC reconfiguration requiring Master node RRC reconfiguration and vice versa. The Master node needs not to modify or add the UE configuration for the Secondary node.

The UE can be configured to establish a SRB with the Secondary node (SCG SRB) to enable RRC PDUs for the Secondary node to be sent directly between the UE and the Secondary node. RRC PDUs for the Secondary node can only be transported directly to the UE for Secondary node RRC reconfiguration not requiring any coordination with the Master node. Measurement reporting for mobility within the Secondary node can be done directly from the UE to the Secondary node if a SCG SRB is configured. Support of direct RRC PDU transmission between the UE and the Secondary node does not imply that the UE has to do any reordering of RRC messages.
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Figure 5.2.1.6.1-1:
Control plane architecture for all the NG-RAN DC options.

5.2.1.6.1.1
UE capability coordination

A UE supporting both E-UTRA and NR reports its capability information for both E-UTRA and NR respectively, which are independent with each other. A node of one RAT needs not to look at and not to use the capabilities of the other RAT. For the UE capabilities requiring coordination between E-UTRA and NR, it is up to the Master node to decide on how to resolve the dependency between E-UTRA and NR. The Secondary node can initiate the re-negotiation of the UE capability. Upon receiving the re-negotiation request from the Secondary node, it is up to the Master node to make the final decision.
5.2.1.6.2
User Plane
In the different Dual Connectivity options supported by NG-RAN, the radio protocol architecture that a particular radio bearer uses depends on how the radio bearer is setup. Four bearer types exist: MCG bearer, MCG split bearer, SCG bearer and, only for E-UTRA-NR DC, SCG split bearer. These four bearer types are depicted on Figure 5.2.1.6-2-1 (where, for each node, the PDCP/RLC/MAC protocols are the E-UTRA version if the node is an eNB or the NR version if the node is a gNB) 
and 5.2.1.6-2-2,
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Figure 5.2.1.6-2-1: Radio Protocol Architecture for MGC bearer, SCG bearer and MCG split bearer in all the NG-RAN DC options.
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Figure 5.2.1.6.2-2: Radio Protocol Architecture for SCG split bearer in E-UTRA-NR DC
5.2.1.7
Network interfaces
5.2.1.7.1
Control Plane
Control plane signalling between the Master node and the Secondary node is performed by means of Xn interface signalling. Control plane signalling between the 5GC and the Master node is performed by means of NG interface signalling.

Figure 5.2.1.7.1-1 shows C-plane connectivity of eNB and gNB involved in the different NG-RAN DC options for a certain UE: the NG-C is terminated in Master node and the Master node and the Secondary node are interconnected via Xn-C.
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Figure 5.2.1.7.1-1: Control Plane connectivity for all the NG-RAN DC options
5.2.1.7.2
User Plane
For the different NG-RAN DC options different user plane architectures are allowed: one in which the NG-U only terminates in the Master node and the user plane data is transferred from Master node to Secondary node using the Xn-U, a second architecture where the NG-U can also terminate in the Secondary node and a third one, only for E-UTRA-NR DC, where the NG-U only terminates in the SgNB and the user plane data is transferred from SgNB to MeNB using the Xn-U. Figure 5.2.1.7.2-1 shows different U-plane connectivity options of eNB and gNB involved in the different NG-RAN DC options for a certain UE.

Different bearer options can be configured with different user plane architectures. U-plane connectivity depends on the bearer option configured:

-
For MCG bearers, the NG-U connection for the corresponding bearer(s) to the UPF is terminated in the Master node. The Secondary node is not involved in the transport of user plane data for this type of bearer(s) over the Uu.

-
For MCG split bearers, the NG-U connection to the UPF is terminated in the Master node. PDCP data is transferred between the Master node and the Secondary node via Xn-U. The Master and Secondary nodes are involved in transmitting data of this bearer type over the Uu.

-
For SCG bearers, the Secondary node is directly connected with the UPF via NG-U. The Master node is not involved in the transport of user plane data for this type of bearer(s) over the Uu.
-
For SCG split bearers, the NG-U connection to the UPF is terminated in the SgNB. PDCP data is transferred between the SgNB and the MeNB via Xn-U. The SgNB and MeNB are involved in transmitting data of this bearer type over the Uu.
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Figure 5.2.1.7.2-1: User Plane connectivity for all the NG-RAN DC options
5.2.2
Layer 2 related aspects

Editor’s note: Only DC specific aspects are covered here. Other Stage 2 NR L2 related aspects are described in TS 38.300.
5.2.3
RRC related aspects

5.2.3.1
System information handling

For the different Dual Connectivity options supported by NG-RAN, the Secondary node is not required to broadcast system information other than for radio frame timing and SFN.
 System information for initial configuration is provided to the UE by dedicated RRC signalling via the Master node. The UE acquires, at least, radio frame timing and SFN of SCG from the PSS/SSS and MIB (if the Secondary node is an eNB) / NR-PSS/SSS and PBCH (if the Secondary node is a gNB) of the PSCell.
Editor’s note: It is FFS how to handle changes of system information in the secondary node.
5.2.3.2
Measurements

If the measurement is configured to the UE in preparation for the Secondary Addition procedure described in sub-clause 5.2.4.X, the Master node should configure the measurement to the UE. In case of the intra-secondary node mobility described in sub-clause 5.2.4.Y, the Secondary node should configure the measurement to the UE in coordination with the Master node, if required. For the Secondary node change procedure described in sub-clause 5.2.4.Y, the RRM measurement configuration is maintained by the secondary node which also processes the measurement reporting.

5.2.4
Mobility related aspects

Editor’s note: Only DC specific aspects are covered here. Other Stage 2 NR mobility related aspects are described in TS 38.300. The procedures defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 [XX] can be a reference for defining the new Xn based procedures. 
5.2.5
Security related aspects

Editor’s note: Only DC specific aspects are covered here. Other Stage 2 NR security related aspects are described in TS 38.300.
5.2.6
Xn Interface related aspects

Editor’s note: Only DC specific aspects are covered here. Other Stage 2 Xn Interface related related aspects are described in TS 38.300.
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�This was not explicitly discussed for intra-E-UTRA and intra-NR DC options


�Alternatively 4 different figures can be drafted, for intra-E-UTRA DC, intra-NR DC, E-UTRA-NR DC and NR-E-UTRA DC. 


�This was not explicitly discussed for intra-E-UTRA and intra-NR DC options





_1552248892.vsd
MeNB / MgNB


PDCP


RLC


SeNB / SgNB


PDCP


RLC


SDAP


Xn


RLC


MAC


MAC


SDAP


MCG  Bearer


MCG Split Bearer


RLC


PDCP


SCG Bearer


SDAP



_1552250193.vsd
SgNB


NR PDCP


NR RLC


MeNB


RLC


X2


NR MAC


MAC


SCG Split Bearer



_1552296452.vsd
MeNB


         UE


RRC (MeNB state)


RRC


S1


Uu


SgNB


NR RRC


Uu


X2-C



_1552296408.vsd
Master node


         UE


RRC (Master node state)


RRC


NG-C


Uu


Secondary node


RRC


Uu


Xn-C



_1552249754.vsd
MeNB


PDCP


RLC


SgNB


PDCP


NR RLC


X2


RLC


MAC


NR MAC


MCG  Bearer


MCG Split Bearer


NR RLC


NR PDCP


SCG Bearer



_1552248063.vsd
Text



_1552248227.vsd
Text



_1552248249.vsd
Text



_1552247961.vsd
Text



_1552247880.vsd
SgNB


NR PDCP


NR RLC


MeNB


RLC


Xn


NR MAC


MAC


SCG Split Bearer


SDAP



