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1. Introduction
At the 3GPP TSG RAN #71 meeting, the Study Item description on “New Radio Access Technology” was approved [1]. RAN aims at addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].

The TR clause 8 defines a requirement;

-
The RAN architecture shall support tight interworking between the new RAT and LTE.

-
Including high performing inter-RAT mobility and multi-RAT aggregation/connectivity. This shall be supported for both collocated and non-collocated site deployments.

This contribution proposes further details regarding multi-RAT RAN supporting the new RAT, LTE and WLAN.
2. RAN-CN interface analysis
As captured in TR 38.801:


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).
As such, the new NR-CN and NR-RAN are each expected to support multiple RATs (as the NR-CN will have to support the same RATs as the NR-RAN)
There are two options for defining the interface between NR RAN and the NR CN are shown in the figure below
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- 
Option 1: Separate interface between the NR CN and NR RAN for each RAT, i.e., define separate NG1-NR, NG1-LTE and NG1-WLAN interfaces
-
Option 2: Common interface between the NR CN and NR RAN supporting all applicable RATs, i.e., define a single NG1 interface for supporting NR, LTE and WLAN
Note that the choice of separate vs common interface can be considered separately for U-plane and C-plane interface.

Note that additional access may be considered, for non 3GPP access including fixed wireless. This contribution is only considering those already included in TR 38.801 and may be modified to conform as needed.

The use of a common interface is more compatible to introducing future RATs to the system and also has the benefit of allowing multiple RAT RAN nodes being deployed with a single interface to the CN as shown in the figure below where there is a separate interface for option 1 and a single interface to the multi RAT supporting RAN node for option 2. Additionally, a single interface is more compatible to DC type connectivity across RATs.
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Additionally a separate interface is not moving towards a more RAT agnostic CN and requires separate specifications and testing with the CN for each RAT.

Proposal 1: There is a single common interface (NG1) between the NR CN and NR RAN supporting all applicable RATs for each of the C-plane and U-plane.
Proposal 2: The common interface (NG1) shall also allow separately deployed interfaces to NR BS and eLTE RAN nodes, i.e., it does not always have to have NR BS present.

A similar analysis applies to the RAN internal horizontal interfaces
Proposal 3: There is a common horizontal interface (XN1) for both C-plane and U-plane between NR RAN nodes supporting all applicable RATs.
3. RAN-CN functional split

Annex 1 contains a list of all the S1AP Elementary procedures from section 8.1 of TS 36.413 including a breakdown of the procedures into different functions
The following table shows the same break down for LTE S1AP functions between EPC and EUTRAN and the likelihood of similar functions being required between the RAN and CN
	RAN-CN function
	Definition
	Applicability to 5G

	Interface management
	Non-UE associated procedures to manage the RAN-CN interface including setup, reset and load balancing
	Fundamental – management of the interface in some form will be part of 5G RAN-CN interface

	UE context management
	UE associated procedures to manage the UE context between the RAN and CN
	Fundamental – Some kind of transferring and modifying of the UE context will be required in order to be able to serve the device in the RAN according to its subscription

	UE Mobility management
	UE associated procedures to manage the UE mobility for idle and connected modes between the RAN and CN including HO via the CN
	Very likely – Non RAN based HO is likely to be required at least to legacy RATs via the 5G CN. Also NR-NR or NR-eLTE CN based HO is also likely required

	Transport of NAS messages 
	UE associated procedures to transfer NAS messages between the MME and UE
	Fundamental – Some kind of transfer of UE NAS messages between the RAN and CN is required

	SON management
	UE associated procedures to initiate and manage SON procedures at the RAN
	FFS – CN based SON management via the C-plane is FFS

	Location management
	UE associated procedures between the MME and RAN to enable location based services
	FFS – depends on the location based services architecture for NR but may still be required for LTE

	Management of broadcast warning messages
	Non UE associated messages to manage the broadcast of warning messages by the RAN
	FFS -  Requires further study to determine whether we need two broadcast architectures (PWS and eMBMS) and three broadcast delivery mechanisms (PWS, eMBMS, SC-PTM) for NR


As can be seen from the table the current LTE RAN-CN functional split includes many fundamental functions to enable a RAN-CN operation and is also flexible to support multiple RATs in some cases (e.g., mobility management may be transported in RAT dependent containers that are transparent to the CN)
Proposal 4: Capture the table above as the baseline for the functions to be supported over the CN-NR control plane interface, and use it to study how these functions may need to be enhanced for NR including multi-RAT support.
Proposal 5: Consider the existing LTE S1AP interface as a good starting point for the new RAN-CN functional split for the CN-NR control plane interface 
Following the above, a Text Proposal is provided in Annex 2.
4. Conclusion 

Proposal 1: There is a single common interface (NG1) between the NR CN and NR RAN supporting all applicable RATs for each of the C-plane and U-plane.
Proposal 2: The common interface (NG1) shall also allow separately deployed interfaces to NR BS and eLTE RAN nodes, i.e., it does not always have to have NR BS present.

Proposal 3: There is a common horizontal interface (XN1) for both C-plane and U-plane between NR RAN nodes supporting all applicable RATs.
Proposal 4: Capture the table above as the baseline for the functions to be supported over the CN-NR control plane interface, and use it to study how these functions may need to be enhanced for NR including multi-RAT support.
Proposal 5: Consider the existing LTE S1AP interface as a good starting point for the new RAN-CN functional split for the CN-NR control plane interface.

A Text Proposal is provided in Annex 2. 
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Annex 1 - List of S1AP Elementary procedures (from section 8.1 TS 36.413)

The current S1AP Elementary procedures can be classified as follows:

	Elementary Procedure
	Color code

	Interface management
	

	UE context management
	

	UE Mobility management
	

	Transport of NAS messages 
	

	SON management
	

	Location management
	

	Management of broadcast warning messages
	


In the following tables, all EPs are divided into Class 1 and Class 2 EPs:
Table 1: Class 1 procedures
	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Handover Preparation
	HANDOVER REQUIRED
	HANDOVER COMMAND
	HANDOVER PREPARATION FAILURE

	Handover Resource Allocation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER FAILURE

	Path Switch Request
	PATH SWITCH REQUEST
	PATH SWITCH REQUEST ACKNOWLEDGE
	PATH SWITCH REQUEST FAILURE

	Handover Cancellation
	HANDOVER CANCEL
	HANDOVER CANCEL ACKNOWLEDGE
	

	E-RAB Setup
	E-RAB SETUP REQUEST
	E-RAB SETUP RESPONSE
	

	E-RAB Modify
	E-RAB MODIFY REQUEST
	E-RAB MODIFY RESPONSE
	

	E-RAB Modification Indication
	E-RAB MODIFICATION INDICATION
	E-RAB MODIFICATION CONFIRM
	

	E-RAB Release
	E-RAB RELEASE COMMAND
	E-RAB RELEASE RESPONSE
	

	Initial Context Setup
	INITIAL CONTEXT SETUP REQUEST
	INITIAL CONTEXT SETUP RESPONSE
	INITIAL CONTEXT SETUP FAILURE

	Reset
	RESET
	RESET ACKNOWLEDGE
	

	S1 Setup
	S1 SETUP REQUEST
	S1 SETUP RESPONSE
	S1 SETUP FAILURE

	UE Context Release
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	

	UE Context Modification
	UE CONTEXT MODIFICATION REQUEST
	UE CONTEXT MODIFICATION RESPONSE
	UE CONTEXT MODIFICATION FAILURE

	eNB Configuration Update
	ENB CONFIGURATION UPDATE
	ENB CONFIGURATION UPDATE ACKNOWLEDGE
	ENB CONFIGURATION UPDATE FAILURE

	MME Configuration Update
	MME CONFIGURATION UPDATE
	MME CONFIGURAION UPDATE ACKNOWLEDGE
	MME CONFIGURATION UPDATE FAILURE

	Write-Replace Warning 
	WRITE-REPLACE WARNING REQUEST
	WRITE-REPLACE WARNING RESPONSE
	

	Kill
	KILL REQUEST
	KILL RESPONSE
	

	UE Radio Capability Match
	UE RADIO CAPABILITY MATCH REQUEST
	UE RADIO CAPABILITY MATCH RESPONSE
	

	UE Context Modification Indication
	UE CONTEXT MODIFICATION INDICATION
	UE CONTEXT MODIFICATION CONFIRM
	


Table 2: Class 2 procedures

	Elementary Procedure
	Message

	Handover Notification
	HANDOVER NOTIFY

	E-RAB Release Indication
	E-RAB RELEASE INDICATION

	Paging
	PAGING

	Initial UE Message
	INITIAL UE MESSAGE

	Downlink NAS Transport
	DOWNLINK NAS TRANSPORT

	Uplink NAS Transport
	UPLINK NAS TRANSPORT

	NAS non delivery indication
	NAS NON DELIVERY INDICATION

	Error Indication
	ERROR INDICATION

	UE Context Release Request
	UE CONTEXT RELEASE REQUEST

	DownlinkS1 CDMA2000 Tunnelling
	DOWNLINK S1 CDMA2000 TUNNELLING

	Uplink S1 CDMA2000 Tunnelling
	UPLINK S1 CDMA2000 TUNNELLING

	UE Capability Info Indication
	UE CAPABILITY INFO INDICATION

	eNB Status Transfer
	eNB STATUS TRANSFER

	MME Status Transfer
	MME STATUS TRANSFER

	Deactivate Trace
	DEACTIVATE TRACE

	Trace Start
	TRACE START

	Trace Failure Indication
	TRACE FAILURE INDICATION

	Location Reporting Control
	LOCATION REPORTING CONTROL

	Location Reporting Failure Indication
	LOCATION REPORTING FAILURE INDICATION

	Location Report
	LOCATION REPORT

	Overload Start
	OVERLOAD START

	Overload Stop
	OVERLOAD STOP

	eNB Direct Information Transfer
	eNB DIRECT INFORMATION TRANSFER

	MME Direct Information Transfer
	MME DIRECT INFORMATION TRANSFER

	eNB Configuration Transfer
	eNB CONFIGURATION TRANSFER

	MME Configuration Transfer
	MME CONFIGURATION TRANSFER

	Cell Traffic Trace
	CELL TRAFFIC TRACE

	Downlink UE Associated LPPa Transport
	DOWNLINK UE ASSOCIATED LPPA TRANSPORT

	Uplink UE Associated LPPa Transport
	UPLINK UE ASSOCIATED LPPA TRANSPORT

	Downlink Non UE Associated LPPa Transport
	DOWNLINK NON UE ASSOCIATED LPPA TRANSPORT

	Uplink Non UE Associated LPPa Transport
	UPLINK NON UE ASSOCIATED LPPA TRANSPORT

	PWS Restart Indication
	PWS RESTART INDICATION

	Reroute NAS Request
	REROUTE NAS REQUEST

	PWS Failure Indication
	PWS FAILURE INDICATION


Annex 2

------------------Text Proposal for TR 38.801---------------------
6.2
RAN architecture
Editor’s note: Intention is to capture overall RAN architecture. 

Editor’s note: Some text reflecting current agreements / discussion status related to RAN-CN connectivity are tentatively captured in the Annex, but the intention is to move relevant content under this section when discussion status / text become more mature.

NR RAN consist of NR and/or eLTE and/or WLAN, providing the user plane and control plane (RRC) protocol terminations towards the UE. The NR RANs are interconnected with each other by means of the XN1 interface. The NR-RAN is also connected by means of the NG1 interface to the NR-CN, more specifically to the C-plane by means of the NG1-C interface and to the NR-GW by means of the NG1-U interface. The NG1 interface supports a many-to-many relation between NG-RANs and NG-CNs.

The NG-RAN architecture is illustrated in Figure 6.2-1 below.
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Figure 6.3‑1: NG Architecture
6.3
Interfaces
Editor’s note: Intention is to capture protocol stacks and list of functions for each agreed interfaces in the RAN architecture. 

6.3.1
RAN-CN interface
6.3.1.1
General principles
There is a single common interface NG1 between the NG CN and NG RAN supporting all applicable RATs for each of the C-plane and U-plane. The common interface NG1 shall also allow separately deployed interfaces to NR BS and eLTE RAN nodes, i.e., it does not always have to have NR BS present.
6.3.2
RAN internal interface
There is a common horizontal interface (XN1) for both C-plane and U-plane between NG RAN nodes supporting all applicable RATs.
A.1
RAN-CN Interface Function Breakdown 
The table A.1-1 shows the break down for LTE S1AP functions between EPC and EUTRAN and the likelihood of similar functions being required between the RAN and CN

	RAN-CN function
	Definition
	Applicability to 5G

	Interface management
	Non-UE associated procedures to manage the RAN-CN interface including setup, reset and load balancing
	Fundamental – management of the interface in some form will be part of 5G RAN-CN interface

	UE context management
	UE associated procedures to manage the UE context between the RAN and CN
	Fundamental – Some kind of transferring and modifying of the UE context will be required in order to be able to serve the device in the RAN according to its subscription

	UE Mobility management
	UE associated procedures to manage the UE mobility for idle and connected modes between the RAN and CN including HO via the CN
	Very likely – Non RAN based HO is likely to be required at least to legacy RATs via the 5G CN. Also NR-NR or NR-eLTE CN based HO is also likely required

	Transport of NAS messages 
	UE associated procedures to transfer NAS messages between the MME and UE
	Fundamental – Some kind of transfer of UE NAS messages between the RAN and CN is required

	SON management
	UE associated procedures to initiate and manage SON procedures at the RAN
	FFS – CN based SON management via the C-plane is FFS

	Location management
	UE associated procedures between the MME and RAN to enable location based services
	FFS – depends on the location based services architecture for NR but may still be required for LTE

	Management of broadcast warning messages
	Non UE associated messages to manage the broadcast of warning messages by the RAN
	FFS -  Requires further study to determine whether we need two broadcast architectures (PWS and eMBMS) and three broadcast delivery mechanisms (PWS, eMBMS, SC-PTM) for NR


As can be seen from the table the current LTE RAN-CN functional split includes many fundamental functions to enable a RAN-CN operation and is also flexible to support multiple RATs in some cases (e.g., mobility management may be transported in RAT dependent containers that are transparent to the CN)
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