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1
Introduction

This document gives an overview on the discussions led in RAN3 on the termination points for NG and Xn interfaces in case of split NG RAN architecture.
2
Discussion

At RAN3#95bis, a fundamental and important decision was taken for the internal architecture of an NG RAN node:
It has been decided that an NG RAN node internal interface will be specified, which follows a split of the radio protocol stack in between the PDCP and the RLC entity, the PDCP part residing in a central entity, the RLC/MAC/PHY part residing in a distributed entity.

Further, the NG RAN internal architecture has been refined, as well as its relation to NG RAN node external interfaces, namely the NG and the Xn interface. It has been decided that the NG and the Xn interface would not terminate at the central entity or the distributed entity, but at the NG RAN node itself.

While discussing this during RAN3#95bis and during continued discussions at RAN3#96 it has been revealed, that such depiction reflects exactly the architectural and protocol model that has been in mind throughout the discussions.

The outcome of those discussions is reflected in the latest version of TS 38.401 [1] as follows:

<<<<<<<<<< Quotation 38.401 [1] begin >>>>>>>>>>

6
NG-RAN architecture

6.1
Overview

Editor Note: This subclause shows the overview of the NG-RAN architecture.
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Figure 6.1-1 Overall architecture
<<<<<<<<<< Quotation 38.401 [1] end >>>>>>>>>>

One can see that the Figure 6.1-1 from 38.801 [1] deliberately abstained from correlating the “external” definition of the NG RAN architecture to the “internal” definition of an NG RAN node:

-
an “external” architecture is composed of “external logical nodes”: “gNBs”, “5GC”, in between which “external interfaces” are defined: “Xn” and “NG”.

-
an NG RAN node “internal” architecture is composed of “internal” logical entities: the “gNB-CU” and the “gNB-DU”, in between which the “internal” interface F1 is defined.
The important reason for not correlating the internal and external architecture is the fact, that in case of “collapsed” gNB deployments, i.e. in case the physical realisation of a gNB does not foresee the split into a central and distributed entities, the “external” architecture definition should still apply.

While RAN3 commonly agrees that the internal structure of a gNB is of no relevance for the definition of the Xn and NG interface, there has been debates on whether the Xn and NG interface termination shouldn’t actually be the gNB-CU, see RAN3 documents R3-171560 [2] and R3-171999 [3].
In [3], it was proposed to add to the definition of a gNB Central Unit (gNB-CU) a statement in the following way:

<<<<<<<<<< Quotation R3-171999 [3] begin >>>>>>>>>>

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 terminates F1 interface connected with the gNB-DU. The gNB-CU also terminates NG, S1-U, Xn and X2 interfaces.
<<<<<<<<<< Quotation R3-171999 [3] end >>>>>>>>>>

There are three technical aspects in this discussion that need to be looked at:

1.
A gNB-CU, as defined in the latest version of 38.401 [1], is defined in the context of the NG RAN only. The interfaces S1-U and X2 are not part of the NG RAN architecture definition. The proposal in R3-171999 is technically wrong in that aspect.
2.
There are 2 possible physical realisations of an NG RAN node: either an integrated (no F1 interface deployed) or an disintegrated (F1 interface deployed). If the NG and Xn interface would be defined to either terminate in a “gNB” or the “gNB CU”, the NG and Xn interface would be defined towards two different logical entities. This creates an architectural contradiction and is technically wrong in that aspect.
3.
A Working Assumption has been established at RAN3#95bis along discussions on R3-171225 [4]: The NG RAN node’s internal structure is not visible to the “outside world”, i.e. neither to external nodes connected via NG or Xn, nor to the UE. Terminating the NG or Xn interface at an gNB internal entity would contradict this working assumption

There are also other technical aspects:

1.
In [2] and during offline and online discussion, the following statement was brought up:

Terminating the NGi and Xn interfaces only formally in a gNB/LTE eNB, while leaving open the exact termination of the NG-C, NG-U, Xn-C and Xn-U interfaces in the functional components of a gNB in split architecture (CU/ DU), may lead to deviating implementations, claiming being based on a standard, but finally not multivendor interoperable.

The following would need to be clarified first: Standardisation of open interfaces allows – stronger: – enables the interoperability of deviating implementations. Assuming identical implementations would contradict the purpose of standardisation as such. As long as those deviating, non-identical implementations are interoperable via open interfaces, there is no multivendor interoperability issue.

During discussions at RAN3#96 it was repeatedly asked – offline and online – to provide a single potential IOT issue in order to understand the issue brought forward. However, it was not possible to gain this information. In our understanding, a working assumption should be only challenged if a sound technical argument is provided.

2.
To provide another aspect, which probably is the source of many misunderstandings in recent architectural discussions in RAN3:

It has become apparent that in many discussions in RAN3 the logical definition of nodes are confused with their physical realisation. This might be understandable when looking at the working method RAN3 applied at the begin of the study phase. First, deployment scenarios have been looked at, from which interface functions have been derived. Unfortunately, the study phase was too short to perform the last, necessary step: to abstract from those deployment considerations and arrive at more formal node and interface definitions which is consistent with stage 2 and stage 3 specification principles. 

Indeed, while in the beginning of the study phase, the terms “CU” and “DU” where used synonymously for actual logical nodes, discussions on F1 interface definition have revealed that “CU” and “DU” can be, from a more exact architectural point of view, only regarded as the termination points of the F1 interface itself. Nevertheless, the functional distribution between the “upper” and “lower” termination point of the F1 interface gives sufficient information on how other protocol terminations interact with a “CU” and a “DU”. 
Further discussions have also revealed possible deployment scenarios, where the “CU” is further split into a control plane and a user plane entity. Independent on whether an open interface is defined between a CU-CP and CU-UP, it has become apparent, that different physical realisations of a distributed entity close to or at the radio site would be possible, once being composed of the “CU-CP” and a “DU”, once only composed of a “DU”. It would be technically wrong to confuse work to be performed during stage 2 and stage 3 specification with realisation related product considerations.

Finally, to give another specification aspect, the company sourcing this document tried to provide a step towards consensus building, and suggested the following text proposal to be added to the gNB CU definition (replacing the text proposed in [3]):

NOTE: A gNB-CU and the corresponding NG and Xn interface termination points interact in an implementation specific way.

Given the F1 interface definition, such addition would not be necessary, but it highlights the functional distribution assumed behind agreed F1 interface principles. The proposal was rejected by the companies sourcing [3].
There is yet another, non-technical aspect in this discussion:

While the company sourcing this document has been trying at RAN3#96 to get into discussing terms with the companies sourcing [2] (one can trace back those offline and online discussions when going through the emails exchanged during the meeting week of RAN3#96), no further technical argument was brought forward that would justify the challenge of the agreed Working Assumption. Instead of providing further argumentation, only co-sourcing companies where “collected”. Such behaviour and approach is not at all in line with the maxim of the 3GPP working procedures to try to reach consensus, a maxim that was repeatedly recalled by our esteemed chairman emeritus. Reaching consensus in a technical working group can only be successfully performed if related discussions are based on technical arguments, not by the sheer statement of will, statements, which we hopefully have been able to show, are neither technically sound nor correct. We wish to express our hope that such approach will not surface again in future.

3
Conclusion
We ask 3GPP TSG RAN to follow the argumentation line provided in this document and to

-
acknowledge the working assumption from RAN3#95bis that the Internal structure of the gNB is not visible to the CN and to other RAN nodes.
-
abstain from following proposals brought forward in [5]

4
References
[1]
TS 38.801 "NG RAN; Architecture description", latest version 0.1.0 available in R3-172031
[2]
R3-171560 "Discussion on Termination point(s) of NG, Xn interfaces", Deutsche Telekom, Verzion, AT&T, T-Mobile USA, Telecom Italia, China Unicom, input document for RAN3#96, 
[3]
R3-171999 "TP to clarify the termination point(s) of NG, Xn interfaces in RAN3 stage 2 – 38.401" Deutsche Telekom, Nokia, Alcatel-Lucent Shanghai Bell, Telecom Italia, SK Telecom, Orange, KT, T-Mobile USA, Samsung, BT, China Unicom, KPN, AT&T, NTT DOCOMO INC., Verzion, China Mobile, Telekom R&D Sdn. Bhd., input document for RAN3#96
[4]
R3-171225 "Further Consideration on CU-DU architecture", Huawei, input document for RAN3#95bis

[5]
RP-170968 "Termination points for NG, S1-U, Xn and X2 interfaces", Deutsche Telekom, T-Mobile USA, Orange, TELUS, Telekom R&D Sdn. Bhd., Telecom Italia, BT, SK Telecom, KT, Samsung, Telstra, Telefonica et al, input document for RAN#76

Annex A

Additional Considerations

A.1
What is an interface?

The answer to the question starts from looking at an exercise we have gone through in 4G and we have been going through for 5G recently: The distribution of functions among parts of the overall system. Most prominently, in 4G as well in 5G, this was the distribution of functions between the Core Network and the Radio Access network. This resulted in a clear view on which kind of interactions would be necessary between the CN and the RAN, those interactions taking place via a reference point.

From that starting point SA2 proceeded by defining the CN internal architecture, while RAN3 proceeded by defining the RAN internal architecture.

Both activities finally concluded in the basic logical architecture with the NG RAN and the 5GC and the NG interface in between.

More specifically, the NG User Plane interface (NG-U) terminates on the 5GC side in a logical node called UPF (User Plane Function) and on the NG RAN side in an NG RAN node (the name is still under discussion in RAN3)

Further, the NG Control Plane interface (NG-C) terminates on the 5GC side in a logical node called AMF (Access and Mobility Function) and on the NG RAN side in an NG RAN node.

Note, that SA2 finally clarified the relation between the reference points N2 and N3 and the interface NG-C/U. In this case, the NG-C/U interface is a manifestation of the N2 and N3 reference point for the 5GC connecting to an Access Network providing 3GPP access.

One might see, that within the 5GC, the AMF itself does not execute all functions triggered by protocol information provided e.g. on the NG-C interface, some of the functions reside in the SMF or in the UPF. The same holds for the NG RAN, e.g. in case of Dual Connectivity, some of the functions are actually executed in the secondary NG RAN node not directly connected by NG-C to the 5GC. However, from a logical point of view, each of the 2 logical nodes in between which an interface is defined, terminates the interface logically. Neither the SMF is visible from a NG RAN node point of view, nor is a secondary NG RAN node visible from a 5GC node point of view.
A.2
What is a Logical Node?

A logical node is the architectural concept which provides a model of the termination point of an interface.

The interface specification defines a logical node completely. The set of functions expected from a peer-node’s perspective is determined by the overall function distribution among the two termination points of that interface.

E.g., the NG RAN node, interfacing via NG-C to the AMF does not have to take care that actually, some of the functions are not executed in the AMF itself, but in the SMF (although a possible implementation could realise both, the AMF and the SMF in the same physical “box”).

The same holds for the RRC protocol: the scope of a UE from an RRC protocol specification point of view is the cell from which it consumes radio resources, or, on which it camps. Whether this cell is realised in the same RAN node as the neighbour cell, or, whether in case of Dual Connectivity, the secondary and the master cell group are realised in different RAN nodes is out of scope of the RRC protocol.

This does not mean, that protocol specifications cannot be optimised for certain physical system realisations. (You may follow discussions on NG protocol design to ease transparently conveying SMF related information via the AMF, without the AMF necessarily “understanding” SMF related NGAP Information Elements.)
Different logical nodes can be realised in the same physical entity:
E.g., the physical entity hosting the logical eNB providing E-UTRA access in DC option 3 could very well host the logical node providing E-UTRA access is the context of DC option 7. For option 3, the logical node would be part of an E-UTRAN, for option 7, the logical node would be part of an NG RAN. Although realised in one physical entity, for option 3, the logical node would be S1 and X2 connected, for option 7, the other logical node would be NG and Xn connected.
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