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1 Introduction

A new study item “Study on New Radio Access Technology” [1] was approved in RAN #71 meeting with the aim to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study in [2]. One of the objectives in the SID is to study and identify the technical features necessary to enable

· Tight interworking between the new RAT and LTE 
Following the objectives of new RAT SID, in this contribution, we analyze different options of the new RAT operation and evaluate its impact on network and UE. 

2 Discussion 
2.1 Definition of standalone 5G
The New System (NS) design for the next generation mobile network (5G) will ultimately be an independent and standalone system. Nevertheless, targeting for initial (or urgent) and long term 5G deployment, operators may have two options to introduce new RAT as shown in figure 1, i.e., non-standalone operation through carrier aggregation or dual connectivity with LTE or standalone operation through interworking with LTE, respectively. It is noticeable that the terminology “standalone” was not explicitly defined. Thus it is beneficial to have a common understanding on the definition before discussing the options of new RAT operation.
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Figure 1 Alternatives of 5G new system operation
Standalone 5G NS shall be able to provide all the necessary capability and service in a complete and independent manner
· Service level: All 5G service that is being defined in 3GPP can be provisioned by 5G NS 

· Network level: All the communication processes and procedures including PHY, RAN and CN can be supported by 5G NS 

· Device level: All the service and communication can be accessed by a single-mode NR device

Proposal 1: Standalone 5G new system should be able to provide all the necessary capability and service in a complete and independent manner
2.2 Options of standalone and non-standalone operation

Options of 5G new RAT operations are illustrated in Figure 2.

· Option 1a: Evolved LTE acts as anchor providing both control and data plane functions to UE, while 5G new RAT acts as a data pipe where data come from LTE eNB, analogous to LTE dual-connectivity Alternative 3C. With this option, dual-mode UE is a necessity 
· Option 1b: Evolved LTE acts as anchor providing both control and data plane functions to UE, while 5G new RAT acts as a data pipe where data come from EPC, analogous to LTE dual-connectivity Alternative 1A. With this option, dual-mode UE is a necessity 
· Option 2: UE accesses to EPC via 5G new RAT
· Option 3: UE accesses to 5G new Core via 5G new RAT

	Non-standalone
	Standalone

	Option 1
	Option 2
	Option 3

	[image: image2.png]EPC

LTEeNB





Option 1a
	[image: image3.png]EPC

Interface:
Data only
(LTEeNE | { 56 NR ’

EL




Option 1b
	[image: image4.png]Interface:
Signaling and Data




	    [image: image5.png]()
5G Core

—————
5GNR

UE







Figure 2 Options of 5G new RAT operations 
2.3 Impacts of different operation options on network and UE
Impacts of different operation options on network and UE are analyzed and summarized in Table 1. 
It can be observed that non-standalone 5G operation (Option 1a and 1b) adopts simplified 5G new RAT with just data plane function and counts on the legacy EPC with enhancement to meet the urgent market demand in some sectors. Nevertheless, this type of operation may have a drawback of twice network planning and upgrading issues for operators. Take Option 1b for example, targeting for early deployment, 5G new RAT needs to support an interface towards EPC and an interface towards eNB. In addition, to enable tight interworking with 5G new RAT, LTE eNB is also required to upgrade to support the signaling exchange between eNB and 5G RAT. When this non-standalone system is about to migrate to 5G standalone system, a new core and an interface between 5G RAT and Core need to be introduced too. 
In the Option 2, all access-agnostic components supporting LTE and 5G new RAT are provided through EPC. This option may require evolution of EPC to enable 5G access-agnostic functions to be provided. With this option, there is minimal impact to legacy RAN. Nevertheless, the degrees of freedom to evolve the EPC in a manner that efficiently provides 5G functions to support the diversity of use cases may be limited. Thus, legacy paradigms may be applied to all use cases, which may be inefficient and expensive. 

It is obvious that Option 3 is the ultimate target of 5G new system. Specification supporting Option 3 at the start may help operators save investment. The new RAT SID indicated that a phased approach will be applied in the new RAT normalization. Non-standalone operation will mostly be supported in Phase 1 specification as required by some operators to meet the urgent market demand. However, this should not prevent standalone operation also be supported in Phase 1 specification to meet other operators’ deployment choice. Thus it is proposed that standalone 5G new system should be supported from the Phase 1 specification.
Proposal 2: Standalone 5G new system should be supported from the Phase 1 5G network specification
Table 1 Impacts of different operation options on network and UE
	Options
	UE impact
	5G RAN impact
	5G Core impact
	Impact on eNB 
	Impact on EPC 
	Migration toward 5G standalone 

	1a 
	LTE/5G dual-mode 
	Support an interface towards eNB 
	No 
	Upgrade eNB to support an interfce towards 5G NR for both signaling and data exchange 
	Minimum 
	Introduce 5G Core;

upgrade 5G RAN (upper layer and PHY) 

	1b 
	LTE-5G dual-mode 
	Support an interface towards EPC;

support interface towards eNB;

Support full protocol stacks 
	No 
	Upgrade eNB to support new interface btw eNB and 5G NR for signaling exchange 
	Upgrade EPC to support interface to 5G NR for data exchange 
	Introduce 5G Core

	2 
	5G UE 
	Support an interface towards EPC 
	No 
	No 
	Support interface towards 5G RAN for both signaling and  data 
	Introduce 5G Core;

upgrade 5G RAN to support 5G Core 

	3 
	5G UE 
	Full function and capability 
	Full function and capability 
	No 
	No 
	Minimum 


3 Conclusion
This contribution analyzes different options of new RAT operation and evaluates its impact on network and UE side. Our proposals are provided as follows,
Proposal 1: Standalone 5G new system should be able to provide all the necessary capability and service in a complete and independent manner
Proposal 2: Standalone 5G new system should be supported from the Phase 1 5G network specification
This contribution also proposes to capture the following text proposal in the TR 38.801
	*** Change start ***


3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

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].

Definition format (Normal)

<defined term>: <definition>.
Standalone 5G NS: Standalone 5G NS is the system through which a single-mode NR device can access all the services and communications.
3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
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].

Abbreviation format (EW)

NR
New RAT
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