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1
Introduction

At RAN#72 the Study Item Description of the "Study on New Radio (NR) Access Technology" was updated to clarify the RAN3 scope, see RP-161214 [1].

The following has been modified:
(note, that [1] still needs a minor modification, as the last comma is in the wrong place – this has been updated below)

· Study and outline the RAN-NextGen Core Network interface and functional split [in co-operation with SA2] [RAN2, RAN3];
Note: RAN, in this context, refers to a radio access network that supports either Evolved E-UTRA or the new radio access technology or both, interfacing with the next generation core [TR 23.799]
And indeed, TR 38.801 [2] is in line with this update, as there exists a note in section 6.1.1.1:
NOTE 2: 
NR RAN refers to a RAN supporting NR. It may only consist of NR (standalone NR operation) or it may consist of NR and LTE (tight interworking) or it may consist of NR, LTE and WLAN (tight interworking). 

It should be also noted, that the update of the SID in [1] is in line with discussions on "architectural options" that took place during TSG#72 among TSG SA and TSG RAN along schematic depictions of those options in [3]. (In fact, the discussions were rather on connectivity options.)

2
Discussion

For readers of the TR [2] not familiar with the definition of NR RAN, it might appear that NR RAN refers to a Radio Access Network which only supports the New RAT (NR). Discussions during SA2#116 have proven that there is likelihood for such confusion. SA2 have chosen unambiguous definitions for the Radio Access Network that connects to the NextGen Core Network (NG CN) by naming it NextGen RAN (NG RAN). S2-164201 [3] provided a further definition of NG RAN as follows:
NextGen RAN (NG RAN): In the context of this document, it refers to a radio access network that supports one or more of the following options:

2) Standalone New Radio, 

4) Standalone New Radio is the anchor with Evolved E-UTRA extensions, 

5) Evolved E-UTRA,

7) Evolved E-UTRA is the anchor with New Radio extensions. 

with the common characteristics that the RAN interfaces with the next generation core.
NOTE 6: NG RAN Options 2, 4, 5 and 7 are documented in the Annex X of this TR.
Proposal 1 We would suggest to choose an unambiguous term and rename “NR RAN” to “New RAN” and to update TR 38.801 accordingly as highlighted in the Annex of this paper.
3
Conclusion
We have discussed terminology issues of the current term NR RAN in TR 38.801 and propose the following:
Proposal 1
We would suggest to choose an unambiguous term and rename “NR RAN” to “New RAN” and to update TR 38.801 accordingly as highlighted in the Annex of this paper.
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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [2] 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 [2].

example: text used to clarify abstract rules by applying them literally.

eLTE eNB: The eLTE eNB is the evolution of eNB that supports connectivity to EPC and NG-Core.
Evolved E-UTRA: An evolution of E-UTRA for operation in the NextGen system (see TR 23.799 [6]).
New RAN: A Radio Access Network which supports either NR or an evolved E-UTRA or both, interfacing with the next generation core (see TR 23.799 [6]). 
New Radio: A new radio access technology which is studied under [1].
Network Slice: A Network Slice is a network created by the operator customized to provide an optimized solution for a specific market scenario which demands specific requirements with end to end scope as described in TR 23.799 [6].

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [2] 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 [2].

NR
New Radio
4
Objectives and requirements
Editor’s note: Intention is to capture objectives of RAN3 study in reference to requirements in TR 38.913 and objectives identified in the NR technology SID in RP-160671. The intended the use of this TR and principles for accepting texts to this TR may also be captured if needed. 

5
Deployment scenarios
5.1
General
The following example scenarios should be considered for support by the New RAN architecture.

Although it is not always explicitly specified, it should be assumed that an inter BS interface may be supported between an NR BS and other NR BSs or LTE eNBs.
5.2
Non-centralised deployment
In this scenario, the full protocol stack is supported at the NR base station (NR BS) e.g. in a macro deployment or indoor hotspot environment (could be public or enterprise). The NR BS can be connected to “any” transport. It is assumed that the NR BS is able to connect to other NR or LTE BSs via a RAN interface.
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Figure 5.2-1: Non-centralised deployment

5.3
Co-sited deployment with LTE
In this scenario the NR functionality is co-sited with LTE functionality either as part of the same base station or as multiple base stations at the same site. Co-sited deployment can be applicable in all NR deployment scenarios e.g. Urban Macro. In this scenario it is desirable to fully utilise all spectrum resources assigned to both RATs by means of load balancing or connectivity via multiple RATs (e.g. utilising lower frequencies as coverage layer for users on cell edge). 
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Figure 5.3-1: Co-sited deployment with LTE

5.4
Centralized deployment
NR should support centralization of the upper layers of the NR radio stacks.

Different protocol split options between Central Unit and lower layers of NR BS nodes may be possible. The functional split between the Central Unit and lower layers of NR BS nodes may depend on the transport layer.

High performance transport between the Central Unit and lower layers of NR BS nodes, e.g. optical networks, can enable advanced CoMP schemes and scheduling optimization, which could be useful in high capacity scenarios, or scenarios where cross cell coordination is beneficial.

Low performance transport between the Central Unit and lower layers of NR BS nodes can enable the higher protocol layers of the NR radio stacks to be supported in the Central Unit, since the higher protocol layers have lower performance requirements on the transport layer in terms of bandwidth, delay, synchronization and jitter.

Both non co-sited deployment and co-sited deployment with LTE can be considered for this scenario.
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Figure 5.4-1: Centralized deployment

5.5
Shared RAN deployment
Similar to LTE, NR should support shared RAN deployments.
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Figure 5.5-1: Shared RAN deployment
6
Radio access network architecture for New RAT
6.1
Functional split
Editor’s note: Intention is to capture high level list of functions to be allocated between RAN and CN and within the RAN.
6.1.1
RAN-CN functional split
6.1.1.1
Functions for New RAN
NOTE 1:
The further detail of the functionalities needs further study.


Functions similar to E-UTRAN as listed in TS 36.401 [3]
-
Transfer of user data

-
Radio channel ciphering and deciphering

-
Integrity protection

-
Header compression

-
Mobility control functions:

-
Handover

-
Inter-cell interference coordination

-
Connection setup and release

-
Load balancing

-
Distribution function for NAS messages

-
NAS node selection function

-
Synchronization

-
Radio access network sharing

-
Paging 

-
Positioning

Functions specific for New RAN:

-
Network Slice support

-
This function provides the capability for NR RAN to support network slicing

-
Tight Interworking with LTE

-
This function enables tight interworking between NR and evolved E-UTRA by means of data flow aggregation. This function includes at least dual connectivity. Interworking with evolved E-UTRA is supported for collocated and non-collocated site deployments.

-
Multi-connectivity

-
This function provides means for connectivity between an New RAN node and multiple New RAN nodes by means of data flow aggregation.

-
evolved E-UTRA - NR handover through a New RAN internal interface

-
This function provides means for evolved E-UTRA - NR handover via the direct interface between an eLTE eNB and a NR BS.

Editor’s Note:
How to cover options 3/3a is FFS.
New RAN may also include other functions:

-
Contacting UEs in inactive mode (feasibility of UE Inactive mode to be further studied and coordinated with RAN2)

-
This function may be associated with a NR location area management function providing the capability for New RAN to manage location areas. If it exists, it is FFS whether and how this NR location area management function will be coordinated with evolved E-UTRA and whether and how it will interact with the NG Core location area management.

-
Direct services support (further study related with D2D, coordinate with RAN1, RAN2)

-
This function provides communication whereby UEs can communicate with each other directly

-  Interworking with non-3GPP systems 
- This function provides interworking between NR and Non-3GPP RAT (e.g. WLAN).

-
evolved E-UTRA/E-UTRA - NR handover via CN

-
This function provides means for evolved E-UTRA/E-UTRA - NR handover via CN.

6.1.1.1.1
Support for a UE operational mode during periods of no traffic [FFS RAN2]
The RAN3 impact of a UE operational mode during periods of no traffic should be explored in the Next Generation Systems and New Radio (NR) work. For instance upon reception of DL data, New RAN could notify the UE.

6.1.2
Functional split between central and distributed unit
6.1.2.1
General description of split options
In the study item for a new radio access technology, 3GPP is expected to study different functional splits between central and distributed units. E-UTRA protocol stack is taken as a basis for further discussion, with the understanding that the conclusions may need to be revisited, once RAN2 defines the protocol stack for NR. The following functional splits between central and distributed unit are possible, as illustrated in Figure 6.1.2.1-1.
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Figure 6.1.2.1-1: Function Split between central and distributed unit

Option 1 (1A-like split)
-
The function split in this option is similar as 1A architecture in DC. RRC is in the central unit. PDCP, RLC, MAC, physical layer and RF are in the distributed unit.

Option 2 (3C-like split)
-
The function split in this option is similar as 3C architecture in DC. RRC, PDCP are in the central unit. RLC, MAC, physical layer and RF are in the distributed unit.

Option 3 (intra RLC split)
-
Low RLC (partial function of RLC), MAC, physical layer and RF are in distributed unit. PDCP and high RLC (the other partial function of RLC) are in the central unit.

Option 4 (RLC-MAC split)
-
MAC, physical layer and RF are in distributed unit. PDCP and RLC are in the central unit.

Option 5 (intra MAC split)
-
RF, physical layer and some part the MAC layer (e.g. HARQ) are in the distributed unit. Upper layer is in the central unit.

Option 6 (MAC-PHY split)
-
Physical layer and RF are in the distributed unit. Upper layers are in the central unit.

Option 7 (intra PHY split)
-
Part of physical layer function and RF are in the distributed unit. Upper layers are in the central unit.

Option 8 (PHY-RF split)
-
RF functionality is in the distributed unit and upper layer are in the central unit.

Editor’s note: The options represented consist of a non-exhaustive list. The work in other working groups on protocols and functions definition shall be monitored and further split options based on such progress shall be added or removed if needed.

Flexible functional split
Some of the benefits of a New RAN architecture with the flexibility to split and move functions between central and distributed units are below:

-
Flexible HW implementations allows scalable cost effective solutions

-
A split architecture (between central and distributed units) allows for coordination for performance features, load management, real-time performance optimization, and enables NFV/SDN

-
Configurable functional splits enables adaptation to various use cases, such as variable latency on transport

The NR design should support the flexibility to move RAN functions between the central unit and distributed unit, and should be studied.

6.1.2.2
Architectural and specification aspects
Editor’s note: This chapter should at least handle the following questions: (1) How many splits will be specified and supported by open interfaces? (2) Will the tight LTE/NR interworking case effect the number of functional split options? (3) What is the granularity of the Centralized Unit – Distributed Unit functional split? (4) What is the reconfiguration dynamicity of the network functional split?.

6.1.2.3
Transport network aspects
6.1.2.3.1
General
This section summarizes transport network requirements of different functional splits.
NOTE 1:
It is understood that RAN3 has no intention to specify any transport network.
6.1.2.3.2
Transport network requirements for an example New RAN architecture
According to TR 38.913 [5], the NR shall support up to 1GHz system bandwidth, and up to 256 antennas. A calculation relative to one of several possible transport deployments applied to a possible RAN architecture example shows that transmission between base band part and radio frequency part requires a bitrate over the transport network of about 614.4Mbps per 10MHz mobile system bandwidth per antenna port.

When the system bandwidth is increasing as well as the number of antenna ports, the required bitrate is linearly increasing. An example with rounded numbers is shown in the following table.

Table 6.1.2.2.2-1 Examples of required bitrate on a transmission link for one possible PHY/RF based RAN architecture split
	Number of Antenna Ports
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	2
	1Gbps
	2Gbps
	20Gbps
	100Gbps

	8
	4Gbps
	8Gbps
	80Gbps
	400Gbps

	64
	32Gbps
	64Gbps
	640Gbps
	3200Gbps

	256
	128Gbps
	256Gbps
	2560Gbps
	12800Gbps


NOTE 1:
Peak bitrate requirement on a transmission link = Number of BS antenna elements * Sampling frequency (proportional to System bandwidth) * bit width (per sample) + overhead.

6.2
New RAN architecture
Editor’s note: Intention is to capture overall New RAN architecture. 

6.3
Interfaces
Editor’s note: Intention is to capture protocol stacks and list of functions for each agreed interfaces in the New RAN architecture. 

6.3.1
RAN-CN interface
6.3.1.1
RAN-CN interface deployment scenarios

The following scenarios for connectivity between the New 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. 
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Figure 6.3.1.1-1: eLTE and NR connected to the EPC. The CP between EPC and NR BS is FFS.
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Figure 6.3.1.1-2: eLTE and NR connected to the 5G CN (Note: In this scenario, eLTE eNB and NR BS can be collocated.).
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Figure 6.3.1.1-3: eLTE connected to the EPC, NR interworking with LTE via inter node interface.
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Figure 6.3.1.1-4: NR connected to the 5G CN, LTE interworking with NR via inter node interface.
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Figure 6.3.1.1-5: NR connected to the 5G CN, eLTE connected to the EPC. In this scenario it is assumed that there is an interface between CN nodes (FFS)

6.3.1.2
General principles
The general principles for the specification of the NG1 interface are as follows:

-
the NG1 interface shall be open;

-
the NG1 interface shall support the exchange of signalling information between the NR BS and 5G CN;

-
from a logical standpoint, the NG1 is a point-to-point interface between an NR BS within the RAN and an 5G CN node. A point-to-point logical interface shall be feasible even in the absence of a physical direct connection between the NR BS and 5G CN;

-
the NG1 interface shall support contral plane and user plane separation;

-
the NG1 interface shall separate Radio Network Layer and Transport Network Layer;

-
the NG1 interface shall be future proof to fulfil different new requirements and support of new services and new functions;

-
the NG1 interface shall be decoupled with the possible RAN deployment variants.

NOTE 1:
The working assumption is that the interface between eLTE eNB and 5G CN is also NG1.
6.3.2
RAN internal interface
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