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1.	Introduction
The purpose of this paper is to provide explanation and impact to Multi-Rat Dual Connectivity and various options which are being considered with in RAN5 5G NR WID [1] scope. It also provides with impacts for test cases on various layers. Further, it describes the RRC layer impact on Protocol testing and suggest a possible structure for the same in TS 38.523-1, which can be adopted for other layers as well.
2.	Discussion
RAN5 5G NR WID is divided in to 2 categories. The following RAN-CN interface options are considered:
· Single connectivity options:
· Option 2: NR connected to 5GC (TR 38.801 section 7.1)
· Option 5: E-UTRA connected to 5GC (TR 38.801 section 7.1)
· Dual Connectivity options:
· Option 3/3a/3x: E-UTRA-NR DC via EPC where the E-UTRA is the master (TR 38.801 section 10.1.2); This is also referred to as EN-DC (TS 37.340)
· Option 7/7a/7x: E-UTRA-NR DC via 5GC where the E-UTRA is the master (TR 38.801 section 10.1.4); This is also referred to as NGEN-DC (TS 37.340)
· Option 4/4A: NR-E-UTRA DC via 5GC where the NR is the master (TR 38.801 section 10.1.3). This is also referred to as NE-DC (TS 37.340)

Based on the 3GPP priority, only Option 3 (EN-DC) related core specs are to be completed by Dec-2017. Some of the above options have dependencies, for example - Option 5 is required to be defined for Option 7 and Option 2 is required to be defined for Option 4. One of the critical part of the other options, besides option 3, is the introduction of 5GC (5G Core Network) which also introduces new upper layer protocols (NAS) and new SDAP layer under RAN . This is needed to define end-to-end protocol tests.

2.1 Multi Connectivity and Impact on Protocol Tests 
This section highlights some of the agreed multi-connectivity operation using E-UTRA and NR radio access and its possible impact to the protocol test cases. Below sections from 37.340 [2] explains the basic concepts of Dual Connectivity as applied to 5G NR access. It also describes various options being considered in RAN5 WID [1]. 
[bookmark: _Toc486503146]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 E-UTRA access and the other one providing 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.
[bookmark: _Toc486503147]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 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. 
[bookmark: _Toc486503148]4.1.3	MR-DC with the 5GC
[bookmark: _Toc486503149]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 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. 
[bookmark: _Toc486503150]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 eNB that acts as a SN. The gNB is connected to 5GC and the eNB is connected to the gNB via the Xn interface.

Impact#1 : As the first phase of 5G NR WI [X] in RAN5, only NSA option 3 is prioritized which is also referred to as EN-DC (EUTRA NR- Dual Connectivity) or MR-DC with the EPC. For scoping of impacted test cases, we can refer to 2 possible configurations for test case design. 
1. MR-DC with the EPC (EN-DC) – eNB is always MN – Option 3. This is Priotity-1
2. MR-DC with the 5G Core, this can have further two categories as noted below
a. EUTRA-NR Dual Connectivity (NGEN-DC) – eNB is always MN – Option 7
b. NR E-UTRA Dual Connectivity (NE-DC)- gNB is always MN – Option 4

Note: The priorities and timelines of MR-DC with the 5G Core completion in RAN5 are yet to be decided
Below section from 37.340 [2] explains the Control Plane and User Plane impact of various Dual Connectivity Operation. It also explains the radio protocol architecture and various radio bearer options. The four bearer types further define the granularity of each Dual Connectivity Option, for ex – 3x, 3 and 3a.

[bookmark: _Toc486503151]4.2	Radio Protocol Architecture
[bookmark: _Toc479304088][bookmark: _Toc486503152]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 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, via the direct path and via the SN. This version of the specification does not support SCG split SRB.


			
Figure 4.2.1-1:	Control plane architecture for EN-DC (left) and MR-DC with 5GC (right).
[bookmark: _Toc479304090][bookmark: _Toc486503153]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.


Figure 4.2.2-1: Radio Protocol Architecture for MCG, MCG split, SCG and SCG split bearers in MR-DC with EPC (EN-DC)


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)


Table 1 below shows possible PDCP options for one single bearer case and associated names. All NSA option 3x, 3 and 3a are mandatory.

[bookmark: _Ref476643602][bookmark: _Toc488130064]Table 1 PDCP options for EN-DC (Option 3)
	NSA Option 
	Bearer type
	PDCP 
	Notes

	
	MCG bearer, PDCP at E-UTRA
	E-UTRA PDCP
	FFS, Agreements still TBD in RAN2

	3x
	SCG split bearer, PDCP at NR
	NR PDCP
	

	3
	MCG split bearer, PDCP at E-UTRA
	NR PDCP
	

	3a
	SCG bearer, PDCP at NR
	NR PDCP
	



For EN-DC (option#3) and NGEN-DC (option#7), EUTRA is always the Master i.e MCG Bearer is always established on EUTRA.
Further there are several allowed combinations of these bearer type which are now documented in TS 37.340 [2] Clause 8.2 as noted below –


[bookmark: _Toc486503179]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.
Editor’s note: FFS whether MR-DC supports the direct type change between MCG split bearer to/from SCG split bearer

Impact #2: From the configuration defined in Impact #1, the applicable test cases should cover all above possible bearer type change option (s).This may also impact how we define the loopback modes. For option3, Loopback needs to be defined above PDCP layer and for all other options this may be above SDAP layer.

[bookmark: _Toc486503164]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.
[bookmark: _Toc486503165]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. 
[bookmark: _Toc486503166]6.2	RLC Sublayer
Both RLC AM and UM can be configured for MR-DC.
[bookmark: _Toc486503167]6.3	PDCP Sublayer
In MR-DC, E-UTRA PDCP supports duplication and duplicate detection of control plane PDCP PDUs (similarly to NR PDCP), to allow RRC PDUs duplication via MCG split SRB.
[bookmark: _Toc486503168]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).
[bookmark: _MailEndCompose]Impact#3 PCDP will have some impact for NSA Option 3 for test case creation. PDCP lossless operation will be tested for a single SCG bearer. PDCP continuity of bearer option will be covered in separate multilayer test case sections, if required. (PDCP lossless requirement still under discussion in RAN2). Table 1 should be taken in to account for test combinations.
2.2 RRC Impact for NSA\Dual Connectivity 
For Option 3, only are the impacted changes. However, below NR related functionality will have to be covered along with combination of several radio bearer options as mentioned in Impact#3 [2.1]. eNB is referred to as MN and NR(gNB) is also referred to as SN.
1) SN Measurements and Reporting (various bearer options as in Impact#2)
2) UE Capability Co-ordination (FFS in RAN2)
3) SN Release (various bearer options as in Impact#2)
4) SN Modifications including SCG SRB’s
5) Handover Scenarios (various bearer options as in Impact#2)
6) Handovers with combination E-UTRA + NR (various bearer options as in Impact#2)
7) Carrier Aggregation in NR
8) Failure Handling with combinations of E-UTRA+NR (various bearer options as in Impact#2)
9) SN System Information Handling

Note- Several key agreements regarding above functionalities are still FFS in RAN2
 
2.4 RRC Structure for TS38.523-1 NSA\Dual Connectivity 
RRC Protocol layer can be separated for NSA and SA. For example, A separate RRC section for NSA and separate for SA can be considered, as below. 
RRC 5G NR Standalone\Single Connectivity (Option 2, 5)
RRC 5G NR Non-Stand Alone\Dual Connectivity (Option 3, 4, & 7)
RRC Reconfiguration Message and Measurement Reporting are the only impacts for NSA option and since most of the functionality falls under Multi Connectivity, all RRC related protocol tests can be covered under Multi Connectivity Operation like below proposed structure.
X RRC 5G NR Non-Stand Alone\Dual Connectivity
· X.1 - Multi Connectivity Operation
· X.1.1 Secondary Node Modification (MN\SN Initiated)
· X.1.1.1 Secondary Node Modification (MN\SN Initiated), EN-DC (Option 3)
· X.1.1.2 Secondary Node Modification (MN\SN Initiated), with 5GC (Includes Option 4 and 7)
· X.1.1 Secondary Node Modification (MN\SN Initiated)
· 

3.	Proposal
1. Impact#1 : As the first phase of 5G NR WI [1] in RAN5, only NSA option 3 is prioritized which is also referred to as EN-DC (EUTRA NR- Dual Connectivity) or MR-DC with the EPC. For scoping of impacted test cases, we can refer to 2 possible configurations for test case design. 
1. MR-DC with the EPC (EN-DC) – eNB is always MN – Option 3. This is Priotity-1
2. MR-DC with the 5G Core, this can have further two categories as noted below with Priority TBD
a. EUTRA-NR Dual Connectivity (NGEN-DC) – eNB is always MN – Option 7
b. NR E-UTRA Dual Connectivity (NE-DC)- gNB is always MN – Option 4

2. Impact #2: From the configuration defined in Impact #1, the applicable test cases should cover all above possible bearer type change option (s).This may also impact how we define the loopback modes. For option3, Loopback needs to be defined above PDCP layer and for all other options this may be above SDAP layer.
3.Impact#3 PCDP will have some impact for NSA Option 3 for test case creation. PDCP lossless operation may have to be tested for every single bearer option configuration, if required. (PDCP lossless requirement still under discussion in RAN2). Table 1 should be taken in to account for test combinations.
4. Possible Structure for RRC in TS38.523-1 – A possible structure is suggested which can be used to to define TS38.523-1 and can be applied to other layers.
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