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1. Introduction

The following agreement has been made in RAN2 #AdHoc 1801:

· Stage 2 for NR-NR DC will be captured in 37.340.

According to the NR WID[1], Dual Connectivity within NR should also be supported in Rel-15. However, due to the limited time budget, the discussion on intra-NR DC has been quite limited so far. In order to promote the progress of intra-NR DC, the contribution is provided to discuss the stage 2 open issues on the architecture of intra-NR DC.

2. Discussion
2.1 Scenarios
In LTE, the dual connectivity operation is used to utilise the radio resources provided by two distinct schedulers, located in two eNBs. Similarly to dual connectivity in LTE, DC operation should also be supported in NR to utilise the radio resources provided by two NR gNBs.
In addition, in order to enable flexible network deployments, the CU/DU split has been introduced in NR and the gNB can be split into two network elements named as gNB Central Unit and  gNB Distributed Unit. The definition captured in 38.401 is as follows:
---------------------------------------------- Definition of CU and DU given in 38.401 -------------------------------------
gNB Central Unit (gNB-CU): a logical node hosting RRC, SDAP and PDCP protocols, and controls the operation of one or more gNB-DUs. The gNB-CU also terminates F1 interface connected with the gNB-DU. 

gNB Distributed Unit (gNB-DU): a logical node hosting RLC, MAC and PHY layers, and its operation is partly controlled by gNB-CU. One gNB-DU supports one or multiple cells. One cell is supported by only one gNB-DU. The gNB-DU terminates F1 interface connected with the gNB-CU.
/……/
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Figure 6.1-1 Overall architecture
---------------------------------------------- Definition of CU and DU given in 38.401 -------------------------------------
Based on the definition of CU/DU, it can be observed that the MAC entity will be located in DU, which means the DU will have separate schedulers. Therefore, if the UE is configured to use the radio resources from different DUs within one CU simultaneously, dual connectivity should be used instead of CA.  

Observation 1: Since MAC entity is located at DU, if the UE is configured to use the radio resources from two DUs within one gNB (i.e. within one CU) simultaneously, then the dual connectivity should be used instead of CA.

Considering the CU/DU split is expected to be widely used in NR, and with huge number of DUs, the coverage of CU will be quite large. In order provide high performance and reliable transmission to the UE, similar as the usage of inter-gNB DC, it is also beneficial to utilise the radio resources provided by two DUs within the same gNB (CU). So, we think the intra-gNB inter-DU dual connectivity is also an essential scenario in NR and should be supported in Rel-15. 

The following figure illustrates the inter-gNB DC and intra-gNB inter-DU DC: 
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Fig 1. Typical scenarios for NR-NR DC
Based on the discussion above, we think two essential scenarios can be identified for the intra-NR DC, and we then propose:
Proposal 1: Both the inter-gNB DC and intra-gNB inter-DU DC should be supported in Rel-15.

2.2 CP Architecture

In order to provide better isolation between LTE and NR, a new CP architecture with dual RRC entities has be adopted in LTE/NR tight interworking. So, for intra-NR DC, two alternatives for the CP architecture can be identified:
· Alternative 1: Reuse the architecture of LTE DC, which means single RRC/L3 RRM will be used.
· Alternative 2: Use the same architecture as for LTE/NR tight interworking, which means the SN may have separate RRC and L3 RRM functions.
In this section, we will discuss the CP architecture for the inter-gNB DC and intra-gNB inter-DU DC separately.

Intra-gNB inter-DU DC

For the intra-gNB inter-DU DC, since the two separate DUs are managed by a single CU, and the RRC/RRM will be located in the single CU, it is a straightforward way to use the single RRC architecture, as shown in the figure below.
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Fig 2: Single RRC architecture for intra-gNB inter-DU DC

For the impact on RAN3: 

· Although a different CP architecture other than the EN-DC (i.e. dual RRC) is used, considering the intra-gNB inter-DU DC is some kind of DC within one gNB, there is no new requirement on the Xn interface, thus there is no impact on RAN3.

For the impact on RAN2: 

· Since the dual connectivity is configured by a single RRC, an additional cell group information will be introduced in NR RRC message (i.e. two or multiple cell groups can be configured though IEs directly, instead of using an embedded RRC message).

Observation 2: Supporting single RRC for intra-gNB inter-DU DC has no impact on RAN3 and only limited impact on RAN2 (i.e. two or multiple cell groups can be configured though IEs directly, instead of using an embedded RRC message).
Considering there is only one CU in the intra-gNB inter-DU DC and the complexity on supporting single RRC is quite limited, we propose to adopt the single RRC architecture for the intra-gNB inter-DU DC.

Proposal 2: Adopt the single RRC architecture for the intra-gNB inter-DU DC.

Inter-gNB DC 

Differently from intra-gNB inter-DU DC, there will be two separate CUs involved in the inter-gNB DC operation, and the two involved CUs may be connected though non-ideal backhaul. Since the RRC/RRM function is located on CU, it is possible to have separate RRC/L3 RRM function located in the two CUs, which is similar as EN-DC. Since both the single RRC and dual RRC are feasible for inter-gNB DC, in order to have a clear view on the complexity of the two alternatives, a table is given as follow to summarize the impact on specs for each alternative:

	Solution
	Impact on RAN2
	Impact on RAN3

	Single RRC
	Similar as the impact of intra-gNB inter DU DC, an additional cell group information will be introduced in NR RRC message.
	New signaling will be introduced to support the single RRC operation.

	Dual RRC
	Similar as the impact of NE-DC, a RRC message container is required to carry the NR RRC message generated by SN.
	The Xn signaling for NG-ENDC can be reused for inter-gNB DC, thus no new required can be identified.


Based on the table above, it can be observed that, for the impact on RAN2, the impact of both the single RRC solution and dual RRC solution are quite limited and acceptable. However, for the impact on RAN3, since the dual RRC can reuse the Xn signaling for NG-ENDC and the single RRC will require a new set of signaling to support the single RRC operation, we think the single RRC solution will lead to more complexity, compared to the dual RRC solution.

Observation 3:  Since the dual RRC solution can reuse the Xn signaling for NG-ENDC but the single RRC solution will require a new set of signaling to support the single RRC operation, the single RRC solution will lead to more complexity, compared to the dual RRC solution.

During the discussion on the CP architecture for EN-DC, besides the better isolation, some benefit was also identified for the dual RRC architecture, especially for the case that two nodes are connected by non-ideal backhaul. For the case of non-ideal backhaul, considerable backhaul delay (e.g. tens of ms) will be introduced. If single RRC/L3 RRM is used in such case, all the mobility procedure will suffer the bidirectional backhaul delay, which will lead to negative impact on both the latency/interruption and the robustness of mobility performance. However, with the dual RRC solution and the SRB3, which is only possible in the dual RRC solution, the intra-SN mobility procedures, including both the measurements and mobility signaling, can be handled in SN side, and the backhaul delay can be saved.

Observation 4: If single RRC/L3 RRM is used, all the mobility procedure will suffer the bidirectional backhaul delay, which will lead to negative impact on both the latency/interruption and the robustness of intra-SN mobility. 

Based on the analysis above, compared to the single RRC solution, we think the dual RRC solution can provide better performance and has less impact on specification. So, we propose:

Proposal 3: The dual RRC CP architecture of MR-DC should be reused for inter-gNB DC.

2.3 UP Architecture

From a UE perspective, as described in 37.340, in MR-DC three bearer types exist: MCG bearer, SCG bearer and split bearer. These three bearer types are depicted in Figure below for MR-DC with 5GC (NGEN-DC, NE-DC).
------------------------------------------------- From 37.340 ---------------------------------------------------
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Figure 4.2.2-2: Radio Protocol Architecture for MGC, SCG and split bearers from a UE perspective in MR-DC with 5GC (NGEN-DC, NE-DC).

------------------------------------------------- From 37.340 ---------------------------------------------------
Based on the figure above, it can be observed that, from a UE perspective, the bearer types supported in intra-NR DC, including both the inter-gNB DC and intra-gNB inter DU DC, are exactly the same (i.e. MCG/SCG/split bearer) as MR-DC.

Observation 4: From a UE perspective, the UP architecture for NR-NR DC is exactly the same as MR-DC, and three bearer types can be supported (i.e. MCG/SCG/split bearer).
From a network perspective, six bearer types (MN terminated MCG/SCG/split bearer and SN terminated MCG/SCG/split bearer) can be supported in MR-DC. These six bearer types are depicted in Figure below for MR-DC with 5GC (NGEN-DC, NE-DC). 
------------------------------------------------- From 37.340 ---------------------------------------------------
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Figure 4.2.2-4: Network side protocol termination options for MCG, SCG and split bearers in MR-DC with 5GC (NGEN-DC, NE-DC).

------------------------------------------------- From 37.340 ---------------------------------------------------
From a network perspective, for the inter-gNB DC, it is quite straightforward that the UP architecture of MR-DC with 5GC can be reused for inter-gNB DC, which means all the six bearer types (MN terminated MCG/SCG/split bearer and SN terminated MCG/SCG/split bearer) can be supported in inter-gNB DC. However, for the intra-gNB inter-DU DC, since there is only one CU, there will be no SN terminated bearer in intra-gNB inter-DU DC, thus only three bearer types will be supported from a network perspective. One figure is given as follow to show the Network side protocol termination options for intra-gNB inter-DU DC. 
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Fig 3 Network side protocol termination options for intra-gNB inter-DU DC

Considering the three bearer types supported by intra-gNB inter-DU DC are a subset of the six types supported in MR-DC, we think the UP architecture for MR-DC can still be used for NR-NR DC from a network perspective.
Observation 5: From a network perspective, the UP architecture for MR-DC can also be reused for NR-NR DC. For the inter-gNB DC, all the 6 bearer types can be supported, but for the intra-gNB inter-DU DC, only the MN terminated MCG/SCG/Split bearer can be supported.
Based on the analysis above, we think it is quite straightforward that the UP architecture of MR-DC with 5GC can be reused for NR-NR DC, and we propose:

Proposal 4: The UP architecture for MR-DC should be reused for NR-NR DC. 

· From a UE perspective, three bearer types exist: MCG bearer, SCG bearer and split bearer. 

· From a network perspective, for inter-gNB DC, all the 6 bearer types can be supported, but for the intra-gNB inter-DU DC, only the MN terminated MCG/SCG/Split bearer can be supported.
3. Conclusion
It is proposed that RAN2 discuss and adopt on following observations and proposals:

Scenarios
Observation 1: Since MAC entity is located at DU, if the UE is configured to use the radio resources from two DUs within one CU simultaneously, then the dual connectivity should be used instead of CA.

Proposal 1: Both the inter-gNB DC and intra-gNB inter-DU DC should be supported in Rel-15.

CP Architecture: For the intra-gNB inter-DU DC

Observation 2: Supporting single RRC for intra-gNB inter-DU DC has no impact on RAN3 and only limited impact on RAN2 (i.e. two or multiple cell groups can be configured though IEs directly instead of an embedded RRC message).
Proposal 2: Adopt the single RRC architecture for the intra-gNB inter-DU DC.

CP Architecture: For the inter-gNB DC 

Observation 3:  Since the dual RRC solution can reuse the Xn signaling for NG-ENDC but the single RRC solution will require a new set of signaling to support the single RRC operation, the single RRC solution will lead to more complexity, compared to the dual RRC solution.

Observation 4: If single RRC/L3 RRM is used, all the mobility procedure will suffer the bidirectional backhaul delay, which will lead to negative impact on both the latency/interruption and the robustness of intra-SN mobility. 

Proposal 3: The dual RRC CP architecture of MR-DC should be reused for inter-gNB DC.

UP Architecture
Observation 4: From a UE perspective, the UP architecture for NR-NR DC is exactly the same as MR-DC, and three bearer types can be supported (i.e. MCG/SCG/split bearer).

Observation 5: From a network perspective, the UP architecture for MR-DC can also be reused for NR-NR DC. For the inter-gNB DC, all the 6 bearer types can be supported, but for the intra-gNB inter-DU DC, only the MN terminated MCG/SCG/Split bearer can be supported.
Proposal 4: The UP architecture for MR-DC should be reused for NR-NR DC. 

· From a UE perspective, three bearer types exist: MCG bearer, SCG bearer and split bearer. 

· From a network perspective, for inter-gNB DC, all the 6 bearer types can be supported, but for the intra-gNB inter-DU DC, only the MN terminated MCG/SCG/Split bearer can be supported.
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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] and 3GPP TS 36.300 [2].

En-gNB:  node providing NR user plane and control plane protocol terminations towards the UE, and acting as Secondary Node in EN-DC. 

Master Cell Group:
in MR-DC, a group of serving cells associated with the Master Node, comprising of the SpCell (Pcell) and optionally one or more Scells.

Master node: A Master eNB (in EN-DC), Master ng-eNB (in NGEN-DC) or a Master gNB (in NN-DC and NE-DC).

MCG bearer: in MR-DC, a radio bearer with an RLC bearer only in the MCG.
Split SRB: in MR-DC, a SRB between the MN and the UE allowing duplication of RRC PDUs via the direct path and via the SN.

MN terminated bearer: in MR-DC, a radio bearer for which PDCP is located in the MN.
MCG SRB: in MR-DC, a direct SRB between the MN and the UE.

Multi-RAT Dual Connectivity: Dual Connectivity between E-UTRA and NR nodes, or between two NR nodes..

Ng-eNB: as defined in TS 38.300 [3].

PCell: SpCell of a master cell group.

PSCell: SpCell of a secondary cell group.

RLC bearer: RLC and MAC logical channel configuration of a radio bearer in one cell group.

Secondary Cell Group: in MR-DC, a group of serving cells associated with the Secondary Node, comprising of the SpCell (PSCell) and optionally one or more Scells.
Secondary node: An en-gNB (in EN-DC), Secondary ng-eNB (in NE-DC) , a Secondary gNB (in inter-gNB DC and NGEN-DC) or a secondary DU within one gNB (in intra-gNB inter-DU DC).

SCG bearer: in MR-DC, a radio bearer with an RLC bearer only in the SCG.
SN terminated bearer: in MR-DC, a radio bearer for which PDCP is located in the SN.
SpCell: primary cell of a master or secondary cell group. 

SRB3: in EN-DC,NGEN-DC and inter-gNB DC, a direct SRB between the SN and the UE.

Split bearer: in MR-DC, a radio bearer with RLC bearers both in MCG and SCG.

3.2
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] and 3GPP TS 36.300 [2].

CU
Central Unit

DC
Intra-E-UTRA Dual Connectivity 
DU
Distributed Unit
EN-DC
E-UTRA-NR Dual Connectivity

MCG
Master Cell Group

MN
Master Node

MR-DC
Multi-RAT Dual Connectivity
NN-DC
NR-NR Dual Connectivity
NE-DC
NR-E-UTRA Dual Connectivity

NGEN-DC
NG-RAN E-UTRA-NR Dual Connectivity

SCG
Secondary Cell Group

SN
Secondary Node

4
Multi-RAT Dual Connectivity

4.1
General

4.1.1
Common MR-DC principles

Multi-RAT Dual Connectivity (MR-DC) is a generalization of the Intra-E-UTRA Dual Connectivity (DC) described in 36.300 [2], where a multiple Rx/Tx UE may be configured to utilise radio resources provided by two distinct schedulers in two different nodes connected via non-ideal backhaul, one providing NR access and the other one providing either E-UTRA access or NR access. 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.

NOTE 1:
MR-DC is designed based on the assumption of non-ideal backhaul between the different nodes but can also be used in case of ideal backhaul.

NOTE 2:
All MR-DC normative text and procedures in this version of the specification show the aggregated node case. The details about non-aggregated node for MR-DC operation are described in TS38.401[7].
4.1.2
MR-DC with the EPC

E-UTRAN supports MR-DC via E-UTRA-NR Dual Connectivity (EN-DC), in which a UE is connected to one eNB that acts as a MN and one en-gNB that acts as a SN. The eNB is connected to the EPC via the S1 interface and to the en-gNB via the X2 interface. The en-gNB might also be connected to the EPC via the S1-U interface and other en-gNBs via the X2-U interface.

The EN-DC architecture is illustrated in Figure 4.1.2-1 below. 
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Figure 4.1.2-1:
EN-DC Overall Architecture
4.1.3
MR-DC with the 5GC
Editor’s note: MR-DC with the 5GC is not complete and is targeted for completion in June 2018.

4.1.3.1
E-UTRA-NR Dual Connectivity

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

4.1.3.2
NR-E-UTRA Dual Connectivity

NG-RAN supports NR-E-UTRA Dual Connectivity (NE-DC), in which a UE is connected to one gNB that acts as a MN and one ng-eNB that acts as a SN. The gNB is connected to 5GC and the ng-eNB is connected to the gNB via the Xn interface.
4.1.3.3
NR-NR Dual Connectivity

NG-RAN supports NR-NR Dual Connectivity (NN-DC), in which a UE is connected to one gNB that acts as a MN and another gNB that acts as a SN. The master gNB is connected to 5GC and the secondary gNB is connected to the master gNB via the Xn interface. In addition, NN-DC can also be used when a UE is connected to two gNB-DUs connected to the same gNB-CU, one acting as a MN and the other acting as a SN.
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. For NGEN-DC, NE-DC and inter-gNB 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. For the intra-gNB inter-DU DC, there is only one RRC entity located in the CU.
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 (SRB1), but subsequent reconfigurations may be transported via MN or SN. When transporting RRC PDU from the SN, the MN does not modify the UE configuration provided by the SN.

In EN-DC and NGEN-DC, at initial connection establishment SRB1 uses E-UTRA PDCP. After initial connection establishment MCG SRB (SRB1 and SRB 2) can be configured by the network to use either E-UTRA PDCP or NR PDCP. The PDCP version change (release of old PDCP and establish of new PDCP) of SRBs can be supported via a handover procedure (reconfiguration with mobility) or with a reconfiguration without mobility, when the network knows there is no UL data in buffer. For EN-DC capable Ues, NR PDCP can be configured for DRBs and SRBs also before EN-DC is configured.

If the SN is a gNB (i.e. for EN-DC,NGEN-DC and inter-gNB DC), the UE can be configured to establish a SRB with the SN (SRB3) 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 SRB3 is configured.

Split SRB is supported for all MR-DC options, allowing duplication of RRC PDUs generated by the MN, via the direct path and via the SN. Split SRB uses NR PDCP. This version of the specification does not support the duplication of RRC PDUs generated by the SN via the MN and SN paths.
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Figure 4.2.1-1:
Control plane architecture for EN-DC (left) , MR-DC with 5GC, except the intra-gNB inter-DU DC (middle), and intra-gNB inter-DU DC.

4.2.2
User Plane

In MR-DC, from a UE perspective, three bearer types exist: MCG bearer, SCG bearer and split bearer. These three 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 and NN-DC).

For EN-DC, the network can configure either E-UTRA PDCP or NR PDCP for MCG bearers while NR PDCP is always used for SCG and split bearers.
In MR-DC with 5GC, NR PDCP is always used for all bearer types. In NGEN-DC, E-UTRA RLC/MAC is used in the MN while NR RLC/MAC is used in the SN. In NE-DC, NR RLC/MAC is used in the MN while E-UTRA RLC/MAC is used in the SN. In NN-DC, NR RLC/MAC is used in both MN and SN.
NOTE:
Even if only SCG bearers are configured for a UE, for SRB 1 and SRB 2 the logical channels are always configured at least in the MCG (i.e. a Pcell always exists).
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Figure 4.2.2-1: Radio Protocol Architecture for MCG, SCG and split bearers from a UE perspective in MR-DC with EPC (EN-DC)
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Figure 4.2.2-2: Radio Protocol Architecture for MGC, SCG and split bearers from a UE perspective in MR-DC with 5GC (NGEN-DC, NE-DC, and NN-DC).

From a network perspective, each bearer (MCG, SCG and split bearer) can be terminated either in MN or in SN. Network side protocol termination options are shown in Figure 4.2.2-3 for MR-DC with EPC (EN-DC) , in Figure 4.2.2-4 for MR-DC with 5GC (NGEN-DC, NE-DC, and inter-gNB DC) and in Figure 4.2.2-5 for intra-gNB inter-DU DC.
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Figure 4.2.2-3: Network side protocol termination options for MCG, SCG and split bearers in MR-DC with EPC (EN-DC).
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Figure 4.2.2-4: Network side protocol termination options for MCG, SCG and split bearers in MR-DC with 5GC (NGEN-DC, NE-DC, and inter-gNB DC).
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Figure 4.2.2-5: Network side protocol termination options for MCG, SCG and split bearers in intra-gNB inter-DU DC.

4.3
Network interfaces

4.3.1
Control Plane
4.3.1.1
Common MR-DC principles
In MR-DC, there is an interface between the MN and the SN for control plane signalling and coordination. For each MR-DC UE, there is also one control plane connection between the MN and a corresponding CN entity. The MN and the SN involved in MR-DC for a certain UE control their radio resources and are primarily responsible for allocating radio resources of their cells.

Figure 4.3.1.1-1 shows C-plane connectivity of MN and SN involved in MR-DC for a certain UE.
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Figure 4.3.1.1-1: C-Plane connectivity for EN-DC (left) and MR-DC with 5GC (right).
4.3.1.2
MR-DC with EPC
In MR-DC with EPC (EN-DC), the involved core network entity is the MME. S1-MME is terminated in MN and the MN and the SN are interconnected via X2-C.

4.3.1.3
MR-DC with 5GC
Editor’s note: MR-DC with the 5GC is not complete and is targeted for completion in June 2018.

In MR-DC with 5GC (NGEN-DC, NE-DC, and NN-DC), the involved core network entity is the AMF. NG-C is terminated in the MN and the MN and the SN are interconnected via Xn-C.

4.3.2
User Plane
4.3.2.1
Common MR-DC principles
There are different U-plane connectivity options of the MN and SN involved in MR-DC for a certain UE, as shown in Figure 4.3.2.2-1. The U-plane connectivity depends on the bearer option configured:

-
For MN terminated bearers, the user plane connection to the CN entity is terminated in the MN;

-
For SN terminated bearers, the user plane connection to the CN entity is terminated in the SN;

-
The transport of user plane data over the Uu either involves MCG or SCG radio resources or both:

-
For MCG bearers, only MCG radio resources are involved;

-
For SCG bearers, only SCG radio resources are involved;

-
For split bearers, both MCG and SCG radio resources are involved. For split bearers PDCP data is transferred between the SN and the MN via the MN-SN user plane interface.
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Figure 4.3.2.1-1: U-Plane connectivity for EN-DC (left) and MR-DC with 5GC (right).
4.3.2.2
MR-DC with EPC 
For MR-DC with EPC (EN-DC), X2-U interface is the user plane interface between MN and SN, and S1-U is the user plane interface between the MN, the SN or both and the S-GW.

4.3.2.3
MR-DC with 5GC
Editor’s note: MR-DC with the 5GC is not complete and is targeted for completion in June 2018.

For MR-DC with 5GC (NGEN-DC, NE-DC and inter-gNB DC), Xn-U interface is the user plane interface between MN and SN, and NG-U is the user plane interface between the MN, the SN or both and the UPF.
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