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1. Introduction
The issue of RAN-CN interfaces is currently being discussed in RAN3, RAN2 and SA2. Unfortunately, there are certain discrepancies between these groups, which we are trying to clarify in the present contribution. 
Additionally, we provide some additional RAN-CN interface scenarios not considered before (e.g. related to WLAN interworking) to be captured in the TR.
The purpose of this contribution is to have a comprehensive list of RAN-CN interconnections in the TR annex, which can later be used as a basis for discussion.
2. Discussion
2.1 Terminology
Certain terminology is either missing or incorrect in the current draft of the TR 38.801 [2]. Generally it seems beneficial to align the terminology across RAN3, RAN2 and SA2 and try to avoid using undefined terms. The TR uses the term “5G CN”, whereas SA2 in their TR 23.799 [1] use the term “NextGen Core”. Additionally, SA2 seem to be using the term “NG2/NG3” when referring to the interface between the “NextGen RAN” and “NextGen Core”.

To resolve this inconsistency it is proposed to align to SA2 terminology for terms related to the core network. 
Proposal 1: to align to SA2 terminology and to use “NextGen Core” instead of “5G EPC” and use the term “NG2/NG3” for interface connecting “NextGen RAN” and “NextGen Core”.
Additionally, the current TR 38.801 [2] uses an undefined term “eLTE eNB”, presumably referring to the evolved LTE eNB. This term can have potentially multiple interpretations and in order to avoid confusion, it is proposed to discuss and agree on the definition of what “eLTE eNB” is. Looking at the architecture diagram, it seems that at least one property of the “eLTE eNB” is clear – it must be able to connect to the NextGen Core via the NG2/NG3 interface. Therefore, it is proposed to introduce a definition of the “eLTE eNB” as “Evolved LTE eNB terminating the NG2/NG3 interface”.
Proposal 2: to define “eLTE eNB” as “Evolved LTE eNB terminating the NG2/NG3 interface and evolved S1 interface”.
We also note that the definition of the eLTE eNB should go beyond the question of which interfaces it terminates – the definition should also describe the eLTE eNB functionality.

Another inconsistency seems to be in that SA2 currently do not differentiate between “evolved LTE”, “stand-alone NR” or “LTE-anchored NR”, whereas such distinction exists in the RAN3 TR 38.801 [2]. It is therefore proposed to discuss this issue together with SA2 with the intention to align on terminology.
Proposal 3: to discuss the NR RAN terminology with SA2.

2.2 RAN-CN interfaces
2.2.1 RAN3-SA2 alignment

It would be good to align RAN3, RAN2 and SA2 TRs not only on terminology, but also on the work scope. As mentioned before and illustrated in the figure below (from SA2 TR 23.799 [1]), SA2 do not differentiate between the eLTE and NR RANs, which does not seem to be the case in RAN3 TR 38.801 [1]:
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Figure 1: Initial High level architecture view for NextGen RAN
NOTE: It is understood that reference points NG1-C and NG1-U in Figure 1 (copied from TR 23.799 v0.4.0) will be editorially renamed into NG2 and NG3, respectively as per the recommendation for interface naming in TR 23.799 Annex G.

Observation 1: SA2 work currently only covers NextGen RAN <-> NextGen Core interface.
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Figure G-1: Reference point naming

 Additionally, the RAN3 TR 38.801 [2] seem to cover other options as well, which may not be currently considered in SA2. It is not clear how RAN3 can progress on options that require functionality on the RAN-CN interface which is currently not within the SA2 scope (i.e. not within FS_NextGen scope) without SA2 involvement. 
NOTE: in the absence of agreed names for RAN-CN connectivity options currently captured in the TR 38.801 [2] we use temporary terms “C-1”, “C-2”, etc… from the respective figures numbers.

RAN-CN interface options C-3, C-4 and C-5 TR 38.801 [2] are illustrated below:
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These options seem to be supported in the current SA2 work, either by extension of the LTE/EPC functionality or in the current study, based on the TR 23.799 [1]. This is because option C-5 is directly covered by the existing SA2 work, whereas options C-3 and C-4 do not require new RAN-CN interfaces. With this being said, it is not 100% clear whether options C-3 and C-5 can be supported entirely without SA2 involvement, however it seems to be rather small, if any.

Additional RAN-CN connectivity options, denoted C-1 and C-2, are illustrated below:
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Depending on the detailed functionality of the interfaces, these options may require additional work in SA2.  The actual amount of SA2 involvement depends on:

a. Whether the interface between EPC and NR BS supports both control and user plane
b. Whether the interface between EPC and NR BS is S1 or NG2/NG3
c. Whether the interface between eLTE eNB and NextGen core is S1 or NG2/NG3

2.2.2 Additional interfaces

There are also few other options not currently covered in the TR 38.801 [2]. It is reasonable to assume that eventually NR will support dual connectivity, therefore it seems beneficial to capture one additional connectivity option (“intra-NR DC”) as illustrated below:
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Proposal 4: to capture NR DC option illustrated above in the TR 38.801 [2].
2.2.3 Inputs to the joint RAN2, RAN3, SA2 meeting

Based on the observations above, it seems beneficial to discuss and clarify the following questions in the RAN3, RAN2 and SA2 joint meeting:

1. Assuming NextGen Core supports connectivity to LTE/eLTE eNB:
a. Will the RAN-CN interface between NextGen Core and LTE/eLTE eNB be S1 or NG2/NG3? 

b. Will this interface support both control and user plane, or user plane only?

2. Will EPC support connectivity to NR BS? If so 
a. Will the RAN-CN interface between EPC and NR BS be S1 or NG2/NG3?

b. Will this interface support both control and user plane, or user plane only?

3. What DC options NR protocol stack will support: LTE MeNB with NR SeNB, NR MeNB with LTE SeNB, NR MeNB with NR SeNB?

a. Additionally, whether each option supports DC solutions 3c, 1a or others?

Proposal 5: it is proposed to include the questions above for discussion in the joint RAN3, RAN2 and SA2 meeting.

2.3 Control and user plane

Currently in the TR the question of whether each RAN-CN interface supports control and user plane is FFS. In this section we try to analyze which interfaces shall support user plane, control plane or both. As at least some of these options require SA2 work with may or may not be in the current SA2 scope, some of these options must be left FFS and shall be discussed in the joint RAN3, RAN2 and SA2 meeting.
For scenario C-1, the eLTE eNB -> EPC interface is based on S1 and therefore supports both control and user plane, the NR BS -> EPC interface is FFS (pending discussion with RAN2 and SA2).
For scenario C-2, the NR BS -> NextGen Core interface supports both control and user plane according to the SA2 TR 23.799 [1], the eLTE eNB -> NextGen Core interface is FFS.
For scenario C-3, the eLTE eNB -> EPC interface is based on S1 and therefore supports both control and user plane.

For scenario C-4, the NR BS -> NextGenCore interface supports both control and user plane according to the SA2 TR 23.799 [1].
For scenario C-5, the eLTE eNB -> EPC interface is based on S1 and therefore supports both control and user plane, the NR BS -> NextGen Core interface supports both control and user plane according to the SA2 TR 23.799 [1].

Proposal 6: to update the control and user plane support for RAN-CN interfaces in TR 38.801 [2] according to the text above. 

2.6 Interfaces to non-3GPP RAT
According to the NR WID [3], the NR shall support interworking with non-3GPP access. Even though all options for such interworking are open, at least for the high level architecture it is reasonable to assume LWA as a starting point, for both WLAN connected to eLTE eNB via (evolved) Xw interface and WLAN connected to NR BS via a new interface.

LWA assumes that WLAN is under umbrella LTE/NR coverage. There seem to be an interest to support interworking with WLAN even without umbrella cellular coverage (e.g. Fixed access, per TR 23.799 clause 4.1). This option would also address SA2 requirement of access independent NextGen core (or “common” NextGen core), as described in TR 23.799 Key Issue #8:

-
analyze in detail the functionality for the Next Generation Core and for the interface between the access networks and the Next Generation Core to support the LTE radio access network, the new, expected 5G radio access network (depending on information available from RAN design and the SMARTER requirements), and for non-3GPP access networks, in order to identify the functional split between AN and Core Network, and to identify if a single AN-CN interface can be specified which can be used across many different access networks.. 

Depicted in the figure below is a possible architecture that minimises access dependencies on the CN-RAN interface and supports WLAN interworking without umbrella cellular coverage:

-
It is assumed that the radio access network based on non-3GPP access includes a new function called Non-3GPP Access Stratum Function (N3ASF) that exhibits the common RAN-CN interfaces towards the core network (NG2/NG3 in Figure 2).

-
A Non-3GPP Access Stratum (N3-AS) protocol is used between UE and the N3ASF. The main functions of this protocol are: transparent transport of NAS messages and provision of radio bearer information (if needed). By its location in the protocol stack it is comparable to RRC or GA-RRC in the Generic Access Network (GAN) architecture (TS 43.318).

-
From CN perspective all 3GPP defined protocols (and notably the “New S1” (i.e. NG2/NG3) and NAS protocols (i.e. NG1)) could be used in the same way as with any other 3GPP access, with the caveat that some protocol functions (e.g. Idle mode mobility, Connected mode mobility) may never be invoked for non-3GPP accesses such as WLAN.
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Figure 2: Architecture that minimises access dependencies on the CN-RAN interface
To cover all the options described above we propose to add three additional RAN-CN interface options to the TR TR 38.801 [2]:
1. WLAN connected to EPC through eLTE eNB (a la LWA)

2. WLAN connected to NextGen Core through NR BS

3. WLAN connected to access agnostic NextGen Core 


[image: image10.emf]EPC

eLTE eNB

NextGen 

Core

WT

RAN-CN 

Interface

CP, UP


Figure C-6: eLTE connected to the EPC, WLAN interworking with LTE via inter node interface. In this scenario it is assumed that there is an interface between eLTE and WT.
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Figure C-7: NR connected to the NextGen Core, WLAN interworking with NR via inter node interface. In this scenario it is assumed that there is an interface between NR BS and WT
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Figure C-5: NR and WT connected to access agnostic NextGen Core.
Proposal 7: add three additional RAN-CN interface options of interworking with non-3GPP access to the TR TR 38.801 [2].
3. Conclusions and Proposals

Based on the discussion above we propose:
Proposal 1: to align to SA2 terminology and to use “NextGen Core” instead of “5G EPC” and use the term “NG2/NG3” for interface connecting “NextGen RAN” and “NextGen Core”.

Proposal 2: to define “eLTE eNB” as “Evolved LTE eNB terminating the NG2/NG3 interface and evolved S1 interface”.
Proposal 3: to discuss the NR RAN terminology with SA2.

Proposal 4: to capture NR DC option illustrated above in the TR 38.801 [2].
Proposal 5: it is proposed to include the questions below for discussion in the joint RAN3, RAN2 and SA2 meeting.

1. Assuming NextGen Core supports connectivity to LTE/eLTE eNB:

a. Will the RAN-CN interface between NextGen Core and LTE/eLTE eNB be S1 or NG2/NG3? 

b. Will this interface support both control and user plane, or user plane only?

2. Will EPC support connectivity to NR BS? If so 

a. Will the RAN-CN interface between EPC and NR BS be S1 or NG2/NG3?

b. Will this interface support both control and user plane, or user plane only?

3. What DC options NR protocol stack will support: LTE MeNB with NR SeNB, NR MeNB with LTE SeNB, NR MeNB with NR SeNB?

a. Additionally, whether each option supports DC solutions 3c, 1a or others?

Proposal 6: to update the control and user plane support for RAN-CN interfaces in TR 38.801 [2] according to the text above. 

Proposal 7: add three additional RAN-CN interface options of interworking with non-3GPP access to the TR TR 38.801 [2].
A text proposal with new interfaces options and some terminology alignment is proposed below.

4. Text Proposal for TR 38.801
Annex A:
RAN-CN interface deployment scenarios

The following scenarios for connectivity between a RAN consisting of evolved LTE (eLTE) and NR and a CN consisting of a 5G CN and an (evolved) EPC should be considered in the discussions on RAN-CN interface definition for the 5G RAN. 

Editor’s note: whether the RAN-CN interfaces in the figures below consist of CP, UP or both it is FFS
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Figure C-1: eLTE and NR connected to the EPC. In this scenario it is assumed that there is an interface between RAN nodes (FFS)
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Figure C-2: eLTE and NR connected to the NextGen Core. In this scenario it is assumed that there is an interface between RAN nodes (FFS)
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Figure C-3: eLTE connected to the EPC, NR interworking with LTE via inter node interface. In this scenario it is assumed that there is an interface between RAN nodes (FFS)
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Figure C-4: NR connected to the NextGen Core, LTE interworking with NR via inter node interface. In this scenario it is assumed that there is an interface between RAN nodes (FFS)
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Figure C-5: NR connected to the NextGen Core, eLTE connected to the EPC. In this scenario it is assumed that there is an interface between CN nodes (FFS)
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Figure C-6: NR connected to the NextGen Core. In this scenario it is assumed that there is an interface between RAN nodes (FFS)
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Figure C-7: eLTE connected to the EPC, WLAN interworking with LTE via inter node interface. In this scenario it is assumed that there is an interface between eLTE and WT.
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Figure C-8: NR connected to the NextGen Core, WLAN interworking with NR via inter node interface. In this scenario it is assumed that there is an interface between NR BS and WT
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Figure C-9: NR and WT connected to access agnostic NextGen Core.
Figure C-9: WLAN and NR connected to the access agnostic NextGen Core
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