3GPP TS 37.340 V0.1.0 (2017-05)
Technical Specification

3rd Generation Partnership Project;

Technical Specification Group Radio Access Network;

Evolved Universal Terrestrial Radio Access (E-UTRA) and NR;

Multi-connectivity;
Stage 2
(Release 15)
[image: image1.jpg]s




[image: image2.png]=

A GLOBAL INITIATIVE




The present document has been developed within the 3rd Generation Partnership Project (3GPP TM) and may be further elaborated for the purposes of 3GPP..
The present document has not been subject to any approval process by the 3GPP Organizational Partners and shall not be implemented.
This Specification is provided for future development work within 3GPP only. The Organizational Partners accept no liability for any use of this Specification.
Specifications and Reports for implementation of the 3GPP TM system should be obtained via the 3GPP Organizational Partners' Publications Offices.

Keywords

<keyword[, keyword, …]>

3GPP

Postal address

3GPP support office address

650 Route des Lucioles - Sophia Antipolis

Valbonne - FRANCE

Tel.: +33 4 92 94 42 00 Fax: +33 4 93 65 47 16

Internet

http://www.3gpp.org

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© 2017, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC).

All rights reserved.
UMTS™ is a Trade Mark of ETSI registered for the benefit of its members

3GPP™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
LTE™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
GSM® and the GSM logo are registered and owned by the GSM Association

Contents

4Foreword

1
Scope
5
2
References
5
3
Definitions, symbols and abbreviations
5
3.1
Definitions
5
3.2
Symbols
5
3.3
Abbreviations
6
4
Multi-RAT Dual Connectivity
6
4.1
General
6
4.1.1
Multi-RAT Dual Connectivity with the EPC
6
4.1.2
Multi-RAT Dual Connectivity with the 5GC
6
4.1.2.1
E-UTRA-NR Dual Connectivity
6
4.1.2.2
NR-E-UTRA Dual Connectivity
6
4.2
Radio Protocol Architecture
6
4.2.1
Control Plane
6
4.2.2
User Plane
7
4.3
Network interfaces
8
5
Layer 1 related aspects
8
6
Layer 2 related aspects
8
6.1
MAC Sublayer
8
6.2
RLC Sublayer
8
6.3
PDCP Sublayer
8
6.4
SDAP Sublayer
8
7
RRC related aspects
9
7.1
System information handling
9
7.2
Measurements
9
7.3
UE capability coordination
9
7.4
Handling of combined MN/SN RRC messages
9
7.5
SCG SRB
10
7.6
Split SRB
10
7.7
SN/MN failure handling
10
8
User Plane related aspects
11
8.1
QoS aspects
11
8.2
Bearer type configuration
11
9
Security related aspects
12
10
Multi-Connectivity operation related aspects
12
10.1
General
12
10.2
Secondary Node Addition
12
10.3
Secondary Node Modification (MN/SN initiated)
12
10.4
Secondary Node Release (MN/SN initiated)
12
10.5
Change of Secondary Node (MN/SN initiated)
12
10.6
SCG change
12
10.7
Inter-Master Node handover without Secondary Node change
12
10.8
Master Node to eNB/gNB Change
13
10.9
eNB/gNB to Master Node change
13
11
X2/Xn Interface related aspects
13
Annex A (informative): Change history
13


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].

Master node (MN): in MR-DC, either a Master eNB or a Master gNB.

MCG bearer: in MR-DC, a bearer whose radio protocols are only located in the MCG.
MCG split bearer: in MR-DC, a bearer whose radio protocols are split at the MN and belong to both MCG and SCG.
Multi-RAT Dual Connectivity (MR-DC): Dual Connectivity between E-UTRA and NR nodes.
Secondary node (SN): in MR-DC, either a Secondary eNB or a Secondary gNB.
SCG bearer: in MR-DC, a bearer whose radio protocols are only located in the SCG.
SCG split bearer: in MR-DC, a bearer whose radio protocols are split at the SN and belong to both SCG and MCG.
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-RAT Dual Connectivity
4.1
General

In Multi-RAT Dual Connectivity (MR-DC) operation, a multiple Rx/Tx UE may be configured to utilise radio resources provided by two distinct schedulers connected via non-ideal backhaul. One scheduler is located in the MN and the other in the SN. The MN and SN are connected via a network interface and at least the MN is connected to the core network.
4.1.1
Multi-RAT Dual Connectivity with the EPC
E-UTRAN supports Multi-RAT Dual Connectivity (MR-DC) via E-UTRA-NR Dual Connectivity (EN-DC), which is similar to Intra-E-UTRA Dual Connectivity (DC) described in TS 36.300 [XX]. 

In EN-DC, a UE is connected to one eNB that acts as a MN and one gNB that acts as a SN. The eNB is connected to the EPC and the gNB is connected to the eNB via the X2 interface. 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.
4.1.2
Multi-RAT Dual Connectivity with the 5GC
NG-RAN supports Multi-RAT Dual Connectivity (MR-DC) via E-UTRA-NR Dual Connectivity (NGEN-DC) and NR-E-UTRA Dual Connectivity (NE-DC).  
4.1.2.1
E-UTRA-NR Dual Connectivity

In E-UTRA-NR Dual Connectivity (NGEN-DC), a UE is connected to one eNB that acts as a MN and one gNB that acts as a SN. The eNB is connected to the 5GC and the gNB is connected to the eNB via the Xn interface. 
4.1.2.2
NR-E-UTRA Dual Connectivity

In NR-E-UTRA Dual Connectivity (NE-DC), a UE is connected to one gNB that acts as a MN and one eNB that acts as a SN. The gNB is connected to 5GC and the eNB is connected to the gNB via the Xn interface.
4.2
Radio Protocol Architecture

4.2.1
Control Plane

In MR-DC, the UE has a single RRC state, based on the MN RRC and a single C-plane connection towards the Core Network. Figure 4.2.1-1 illustrates the Control plane architecture for MR-DC. 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 to be sent to the UE. 
RRC PDUs generated by the SN can be transported via the MN to the UE. The MN always sends the initial SN RRC configuration via MCG SRB, but subsequent reconfigurations may be transported via MN or SN. When transporting RRC PDU from the SN, the MN does not modify or add the UE configuration provided by the SN.
The UE can be configured to establish a SRB with the SN (SCG SRB) to enable RRC PDUs for the SN to be sent directly between the UE and the SN. RRC PDUs for the SN can only be transported directly to the UE for SN RRC reconfiguration not requiring any coordination with the MN. Measurement reporting for mobility within the SN can be done directly from the UE to the SN if a SCG SRB is configured. 
MCG split SRB is supported for all MR-DC options, allowing duplication of RRC PDUs generated by the MN. This version of the specification does not support SCG split SRB.

[image: image3.emf]Uu

SgNB

NR RRC

Uu

X2-C

MeNB

RRC

UE

RRC

(MeNB 

state)

S1





[image: image4.emf]Uu

Secondary 

node

RRC

Uu

Xn-C

Master node

RRC

UE

RRC

(Master 

node state)

NG-C


Figure 4.2.1-1:
Control plane architecture for EN-DC (left) and MR-DC with 5GC (right).

4.2.2
User Plane

In MR-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. These four bearer types are depicted in Figure 4.2.2-1 for MR-DC with EPC (EN-DC) and in Figure 4.2.2-2 for MR-DC with 5GC (NGEN-DC, NE-DC). 
SCG split bearer is not supported for NE-DC.
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Figure 4.2.2-1: Radio Protocol Architecture for MCG, MCG split, SCG and SCG split bearers in MR-DC with EPC (EN-DC)
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Figure 4.2.2-2: Radio Protocol Architecture for MGC, MCG split, SCG and SCG split bearers in MR-DC with 5GC (NGEN-DC, NE-DC)
4.3
Network interfaces

Editor’s note: Input for this section is expected from RAN3. 
5
Layer 1 related aspects
Editor’s note: Only potential DC specific aspects are covered here. Other Stage 2 L1 related aspects are described in TS 36.300 and TS 38.300.
6
Layer 2 related aspects

Editor’s note: Only DC specific aspects are covered here (similarly to what is done for DC in TS36.300 section 6.5). Other Stage 2 L2 related aspects are described in TS 36.300 and TS 38.300.

6.1
MAC Sublayer

In MR-DC, the UE is configured with two MAC entities: one MAC entity for the MCG and one MAC entity for the SCG. 
6.2
RLC Sublayer

Both RLC AM and UM can be configured for MR-DC.
6.3
PDCP Sublayer

In MR-DC, both E-UTRA and NR PDCP support duplication and duplicate detection of control plane PDCP PDUs, to allow RRC PDUs duplication via split SRB.
6.4
SDAP Sublayer

In MR-DC with 5GC, the UE can be configured with two SDAP protocol entities for each individual PDU session, one for MCG and another one for SCG (see subclause 8.1).
7
RRC related aspects

7.1
System information handling

In MR-DC, the SN 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 MN. The UE acquires, at least, radio frame timing and SFN of SCG from the PSS/SSS and MIB (if the SN is an eNB) / NR-PSS/SSS and PBCH (if the SN is a gNB) of the PSCell.
In EN-DC, upon change of the relevant system information of a configured SCell, the network releases and subsequently adds the concerned SCell (with updated system information), via one or more RRC reconfiguration messages sent on MCG SRB or SCG SRB.
FFS whether the agreement above (formally taken explicitly referring to EN-DC) can be extended to all MR-DC cases
7.2
Measurements

If the measurement is configured to the UE in preparation for the Secondary Node Addition procedure described in sub-clause 10.2, the Master node should configure the measurement to the UE. 
In case of the intra-secondary node mobility described in sub-clause 10.3, the SN should configure the measurement to the UE in coordination with the MN, if required. 
The Secondary Node Change procedure described in sub-clause 10.5 can be triggered by both the MN (only for inter-frequency secondary node change) and the SN. For secondary node changes triggered by the SN, the RRM measurement configuration is maintained by the SN which also processes the measurement reporting, without providing the measurement results to the MN.

FFS how to coordinate the NR measurement configuration between MN and SN

FFS how to allow the MN to perform inter-RAT measurement for potential handover to the serving SN frequency

7.3
UE capability coordination 

In MR-DC, the capabilities of a UE supporting both E-UTRA and NR are provided to both MN and SN and a node of one RAT needs not to look at and not to use the capabilities of the other RAT. This does not preclude that the capabilities of one RAT might contain some information related to the other RAT, e.g. at least inter-RAT measurement capabilities. For the UE capabilities requiring coordination between E-UTRA and NR, it is up to the MN to decide on how to resolve the dependency between MN and SN configurations. The SN can request from MN to change the UE configuration related to UE capability dependent on MN configuration, and it is up to the MN to make the final decision whether to accept or reject the request.
FFS whether MR-DC specific capabilities requiring coordination between eNB and gNB are included in NR-Capability or EUTRA- Capability or a new ‘LTE/NR-Capability’ container. If the new container is supported, the MN forwards the ‘LTE/NR-Capability’ and the secondary RAT specific capability (NR-Capability or EUTRA-Capability) to the SN within “SCG-ConfigInfo”.
7.4
Handling of combined MN/SN RRC messages
When both MCG and SCG reconfiguration is required due to the need for coordination with the MN, the SN RRC reconfiguration message is encapsulated in an MN RRC message that also carries the corresponding MCG reconfiguration that ensures that the combined configuration can be jointly processed by the UE.
The UE uses a joint success/failure procedure for messages in an encapsulating MN RRC message. A failure of the MN RRC messages, including one encapsulated SN RRC message with or without any MCG reconfiguration fields, triggers a re-establishment procedure. Each SN RRC reconfiguration message should have its own RRC response message even when the SN RRC message is encapsulated in an MN RRC message. The SN RRC response message is forwarded over X2/Xn to the SN. If a SN RRC reconfiguration message is contained in a MN RRC message, the UE sends a MN RRC response message that encapsulates the SN RRC response message.

7.5
SCG SRB

When the MN is an eNB, the decision to establish a SCG SRB is taken by the SN, which provides the SCG SRB configuration using an SN RRC message. SN RRC complete messages and measurement reports are mapped to the same SRB as the message initiating the procedure. SCG SRB can be used to send SN RRC Reconfiguration, SN RRC Reconfiguration Complete and SN Measurement Report messages. All MN RRC messages are mapped to the MCG SRB.
FFS whether the agreement above (formally taken explicitly referring to the case where the MN is an eNB) can be extended to all MR-DC cases
FFS whether the MN can request establishment of SCG SRB

FFS whether there are any exceptional cases for the complete messages
FFS what terminology will be used to describe the SCG SRB
When the MN is an eNB, only one SCG SRB is required and only for messages corresponding to SRB1.
FFS if anything additional is needed for SN failure cases
FFS for the NE-DC case
A SCG SRB is of higher scheduling priority than all DRBs.

There is no requirement on the UE to perform any reordering of RRC messages between MCG SRB and SCG SRB.

When SCG is released, SCG SRB and DRB configurations are released.
7.6
Split SRB

Split SRB is supported for both SRB1 and SRB2 (Split SRB is not supported for SRB0).

Split SRB can be configured by the MN in Secondary Node Addition and/or Modification procedure, with SN configuration part provided by the SN. 

FFS whether there are cases where the SN may need to reject the split SRB configuration (to be addressed by RAN3)

For the MCG split SRB, the selection of transmission path in downlink depends on network implementation.
FFS uplink handling of split SRB
7.7
SN/MN failure handling

If radio link failure is detected for MCG, the UE initiates the RRC connection re-establishment procedure with the PCell. If radio link failure is detected for SCG, the UE suspends all SCG radio bearers (including SCG split bearers) and SCG transmissions for split radio bearers, and reports SCG failure information to MN.

When the MN is an eNB, the following SN failure cases are supported:
-
SN RLF;

-
SN change failure;

-
SN configuration failure (only for messages on SCG SRB);

-
SN RRC integrity check failure;

FFS whether the agreement above (formally taken explicitly referring to the case where the MN is an eNB) can be extended to all MR-DC cases
FFS whether exceeding the maximum uplink transmission timing difference is also supported (if MR-DC supports the synchronised operation case which is RAN1 decision)

When the MN is an eNB, upon SN failure the UE reports the SCG Failure Information to the MN instead of triggering reestablishment.
FFS whether the agreement above (formally taken explicitly referring to the case where the MN is an eNB) can be extended to all MR-DC cases
8
User Plane related aspects

8.1
QoS aspects
Editor’s note: Only DC specific aspects are covered here. Other Stage 2 QoS related aspects are described in TS 36.300 and TS 38.300.
In EN-DC, the E-UTRAN 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.

In MR-DC with 5GC, the NG-RAN QoS framework defined in TS 38.300 [XX] applies.

In MR-DC, the QoS flows belonging to the same PDU session can be mapped to different bearer types (see subclause 4.2.2) and as a result there can be two different SDAP entities configured for the same PDU session: one for MCG and another one for SCG (for instance when one MCG bearer and one SCG bearer are used for two different QoS flows).

The support for PDU session mapped to different bearers is pending conclusions in SA2 and RAN3.
8.2
Bearer type configuration

In MR-DC, the following combinations of bearer types cannot be configured simultaneously for user plane DRBs:

-
MCG split bearer and SCG split bearer

-
MCG split bearer and SCG bearer

In MR-DC, the following bearer type change options are supported:

-
MCG bearer to/from MCG split bearer

-
MCG bearer to/from SCG bearer

-
MCG bearer to/from SCG split bearer

-
SCG bearer to/from SCG split bearer
-
MCG bearer to MCG bearer

-
SCG bearer to SCG bearer

-
MCG split bearer to MCG split bearer

-
SCG split bearer to SCG split bearer

In MR-DC, the direct bearer type change between MCG split bearer and SCG bearer is not supported.
FFS whether MR-DC supports the direct type change between MCG split bearer to/from SCG split bearer
9
Security related aspects

Editor’s note: Only DC specific aspects are covered here. Other Stage 2 security related aspects are described in TS 36.300 and TS 38.300.
EN-DC can only be configured after security activation in the MeNB. 

For EN-DC, S-KeNB is derived from KeNB of the MeNB. S-KeNB should be changed when KeNB is changed. For mobility scenarios that involve only a change of the SCG (i.e. no PCell handover and hence no KeNB change), S-KeNB key refresh is not required if the PDCP anchor point of the SN is not changed.
10
Multi-Connectivity operation related aspects

10.1
General
Similar procedures as defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 [XX] apply for MR-DC. 
10.2
Secondary Node Addition
Editor’s note: A new procedure, corresponding to SeNB addition in TS 36.300 [XX], should be described here, showing differences, if any, between EN-DC and the different multi-RAT Dual Connectivity options supported by NG-RAN.
10.3
Secondary Node Modification (MN/SN initiated)

Editor’s note: A new procedure, corresponding to SeNB Modification in TS 36.300 [XX], should be described here, showing differences, if any, between EN-DC and the different multi-RAT Dual Connectivity options supported by NG-RAN.
10.4
Secondary Node Release (MN/SN initiated)

Editor’s note: A new procedure, corresponding to SeNB Release in TS 36.300 [XX], should be described here, showing differences, if any, between EN-DC and the different multi-RAT Dual Connectivity options supported by NG-RAN.
10.5
Change of Secondary Node (MN/SN initiated)
Editor’s note: A new procedure, corresponding to Change of SeNB in TS 36.300 [XX], should be described here, showing differences, if any, between EN-DC and the different multi-RAT Dual Connectivity options supported by NG-RAN.
10.6
SCG change
Editor’s note: Possible changes to the SCG change procedure in TS 36.300 [XX] should be described here, showing differences, if any, between EN-DC and the different multi-RAT Dual Connectivity options supported by NG-RAN.
10.7
Inter-Master Node handover without Secondary Node change
Editor’s note: A new procedure, corresponding to Inter-MeNB handover without SeNB change in TS 36.300 [XX], should be described here, showing differences, if any, between EN-DC and the different multi-RAT Dual Connectivity options supported by NG-RAN.
10.8
Master Node to eNB/gNB Change
Editor’s note: Possible changes to the procedure described in 10.1.2.8.5 in TS 36.300 [XX] should be described here, showing differences, if any, between EN-DC and the different multi-RAT Dual Connectivity options supported by NG-RAN.
10.9
eNB/gNB to Master Node change
Editor’s note: Possible changes to the procedure described in 10.1.2.8.7 in TS 36.300 [XX] should be described here, showing differences, if any, between EN-DC and the different multi-RAT Dual Connectivity options supported by NG-RAN.
11
X2/Xn Interface related aspects
Editor’s note: This section will only contain a pointer to TS 36.300 where all X2 procedures, including potentially new EN-DC specific procedures will continue to be covered. It will also only contain a pointer to either TS 38.300 or to other RAN3 specs for Xn aspects, depending on the RAN3 decision on where to cover Xn procedures.
X2 procedures for EN-DC are captured in TS 36.300.
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