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1
Introduction
Last RAN plenary agreed the NR WI ([1]). The WI listed TS38.413 as the specification for “NG Application Protocol (NGAP)”. This contribution analyses the specification methodology and proposes a way forward. 

2
Discussion 
2.1
S1AP and NGAP
The S1 Application Protocol (S1AP) supports the functions of S1 interface, which is the interface between E-UTRAN and the MME. 
The NG Application Protocol (NGAP) supports the functions of the N2 interface, which is the interface between the 5G (R)AN and the AMF. According to TS23.501, the 5G (R)AN includes
· 5G-RAN connecting to a 5G Core Network, i.e. 
1) Standalone New Radio.

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

3) Standalone E-UTRA.

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

· non-3GPP AN connecting to a 5G Core Network.

It is obvious that S1AP and NGAP are used for different purposes, i.e. one for the interface with EPC, and the other for the interface with AMF. S1AP will continuously be maintained and enhanced. (NOTE, the RANAP was developed in 1999. It is still maintained and enhanced). 
Observation 1: Both S1AP and NGAP will coexist for a while. S1AP will be continuously maintained and enhanced, after NGAP is developed. 

The following tables shows a comparison between S1AP procedures, and NGAP procedures based on ([3]

 REF _Ref477809883 \r \h 
[4]
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[5]). 
	
	S1AP 
	NGAP 
	Notes

	E-RAB management
	E-RAB Setup
	N/A
	

	
	E-RAB Modification
	N/A
	

	
	E-RAB Modification Indication
	N/A
	

	
	E-RAB Release initiated by eNB 
	N/A
	

	
	E-RAB Release initiated by MME
	N/A
	

	PDU Session Management
	N/A
	PDU Session Setup
	

	
	N/A
	PDU Session Modify
	

	
	N/A
	PDU Session Release
	

	
	N/A
	PDU Session Modification Indication
	

	
	N/A
	PDU Session Modification Request initiated by gNB
	To be discussed. QoS Notification Control function agreed in SA2.

	Interface Management
	S1 Setup
	NG Setup
	

	
	eNB Configuration Update
	Configuration Update initiated by 5G (R)AN
	

	
	MME Configuration Update
	Configuration Update initiated by NGC
	

	
	Error Indication
	Error Indication
	

	
	Overload Start
	To be discussed
	Overall system function in TS23.501

	
	Overload Stop
	To be discussed
	Overall system function in TS23.501

	
	Reset
	Reset
	

	UE Context Management
	Initial Context Setup
	Initial Context Setup
	

	
	UE Context Release initiated by eNB
	UE Context Release initiated by 5G (R)AN
	

	
	UE Context Release initiated by MME
	UE Context Release initiated by NGC
	

	
	UE Context Modification
	UE Context Modification
	

	
	UE Context Modification Indication
	N/A
	HeNB is not part of Rel-15 NGAP

	Transfer of NAS messages
	Initial UE Message
	To be discussed
	See agenda 10.12.3

	
	Uplink NAS Transport
	Uplink NAS Transport
	

	
	Downlink NAS Transport
	Downlink NAS Transport
	

	
	Non Delivery NAS Indication
	Non Delivery NAS Indication
	

	
	NAS Rerouting
	To be discussed
	See [3].

	Paging
	Paging
	Paging
	

	Configuration Transfer
	eNB Configuration Transfer
	RAN Configuration Transfer
	

	
	MME Configuration Transfer
	NGC Configuration Transfer
	

	Handover Signalling
	Handover Preparation
	Handover Preparation
	

	
	Handover Resource Allocation
	Handover Resource Allocation
	

	
	Handover Notification
	Handover Notification
	

	
	Handover Cancellation
	Handover Cancellation
	

	
	Path Switch
	Path Switch
	

	
	eNB Status Transfer
	?
	Not discussed yet, but NGAP may require it.

	
	MME Status Transfer
	?
	Not discussed yet, but NGAP may require it.

	UE Capability
	UE Capability Info Indication
	?
	To be discussed

	
	UE Radio Capability Match
	?
	To be discussed

	Warning 
	Write-Replace Warning
	?
	Not discussed yet. PWS is listed in the WID.

	
	Kill
	?
	Not discussed yet. PWS is listed in the WID.

	
	PWS Restart Indication
	?
	Not discussed yet. PWS is listed in the WID.

	
	PWS Failure Indication
	?
	Not discussed yet. PWS is listed in the WID.

	Trace
	Trace Start
	
	Not discussed yet. 

	
	Trace Failure Indication
	
	Not discussed yet. 

	
	Deactivate Trace
	
	Not discussed yet. 

	
	Cell Traffic Trace
	
	Not discussed yet. 

	CIOT
	UE Context Suspend
	
	Not discussed yet. 

	
	UE Context Resume
	
	Not discussed yet. 

	
	Connection Establishment Indication
	N/A
	

	Location Reporting
	Location Reporting Control
	
	Not discussed yet. 

	
	Location Report
	
	Not discussed yet. 

	
	Location Report Failure Indication
	
	Not discussed yet. 

	CDMA Tunnelling
	Downlink S1 CDMA2000 Tunnelling
	N/A
	

	
	Uplink S1 CDMA2000 Tunnelling
	N/A
	

	RAN Information Management
	eNB Direct Information Transfer
	?
	Not discussed yet.

	
	MME Direct Information Transfer
	?
	Not discussed yet. 

	LPPa Transport
	Downlink UE Associated LPPa Transport
	?
	Not discussed yet. 

	
	Uplink UE Associated LPPa Transport
	?
	Not discussed yet.

	
	Downlink Non UE Associated LPPa Transport
	?
	Not discussed yet. 

	
	Uplink Non UE Associated LPPa
	?
	Not discussed yet. 


In a summary, 
· 25 procedures are similar between S1AP and NGAP. 

· 5 S1AP procedures (i.e. E-RAB management) are replaced by new NGAP procedures (i.e. PDU session management)

· 8 S1AP procedures (i.e. Status Transfer, UE Capability, warning) may have corresponding NGAP procedures.

· 2 S1AP procedures (i.e. for CDMA interworking) are not needed for NGAP.

· Another 16 S1AP procedure may not have corresponding NGAP procedures in Rel-15. 
Observation 2: 25 common procedures between S1AP and N2AP, but another 23 S1AP procedures are different to NGAP, either not applicable, or not needed, or not discussed and may not have corresponding NGAP procedures in Rel-15.
2.2
New Requirements on NGAP

5G introduced many new functions affecting NGAP, for example, 

· QoS model

In 5G, the QoS model has been changed from per-bearer to per-flow. The LTE E-RAB management procedures do not fit in the new QoS model. New PDU session management procedures are introduced. 

· AM-SM separation

In LTE, the MME is responsible for Access and Mobility management, and Session Management. In 5G, two logical nodes are introduced. AMF is dedicated for Access and Mobility management, and SMF is dedicated for Session management. Although the 5G (R)AN only interfaces with AMF, the AMF is not required to know the Session related parameters exchanged via N2 interface. Since the Session related parameters are now handled at the 5G (R)AN and SMF. It follows that the Session related parameters are transparent to the AMF, and can be considered as a type of Container transmitted over N2 interface. 

· Single N2 interface for both 3GPP access and non-3GPP access
Per SA2 requirement ([4]
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[5]), the N2 interface is also used between a non-3GPP Access Network and NGC. This requires a protocol structure that enables reuse of an access-agnostic part, while also allowing access-specific parts. 

· Non-Stickiness
Persistence of UE-specific associations on N2 is removed, requiring new handling of S1AP UE IDs. It requires support for hybrid release and dynamic AMF selection to route an UE message to new AMF. 
· Network Slicing

A network slice is a complete logical network that comprises of a set of network functions and corresponding resources necessary to provide certain network capabilities and network characteristics. The network slicing information needs to be added to many NGAP messages. It affects the network selection, mobility, etc.  

Observation 3: 5G has introduced new features that are disruptive to S1AP.
2.3
NGAP Specification Methodology
It has been agreed to have TS 38.413 created at RAN#75. However, several options are possible for NGAP:

· Option 1: S1AP is maintained in TS36.413, and NGAP in TS38.413 developed from scratch

TS 36.413 is maintained and all further modifications to S1AP are added to TS36.413. The new NGAP are designed from scratch. This option may take more time to develop TS38.413, since every procedure/IE/ASN.1 needs to be designed from scratch. 

· Option 2: S1AP is maintained in TS36.413. NGAP in TS38.413 is based on TS36.413, but without the not applicable S1AP procedures/IEs/ASN.1 code.
All further modifications to S1AP are added to TS36.413. TS38.413 is developed only for NGAP. This option has following advantages

· Reuse: Since many procedures are common for S1AP and N2AP, this options allows fast development of NGAP.
· Easy product development and Interoperability test. 
· Products developed for interworking with MME only need to comply with TS36.413.

· Products developed for interworking with 5G-CN only need to comply with TS38.413. 

· Enables fully optimized 5G-CN: Since the 5G-CN only need to comply with TS38.413, it does not need to understand/generate unnecessary S1AP IEs per other options (i.e. Option 3). The 5G-CN can be fully optimized for new 5G (R)AN without carrying any burden of S1AP. 
· Isolated impact from any corrections/enhancements. Since S1AP and NGAP are kept in separate specifications, any further corrections or enhancement to S1AP will not cause negative impact to NGAP, and vice versa. 
· Option 3: TS38.413 for both S1AP and NGAP
The latest TS36.413 is copied to TS38.413. TS36.413 will not be maintained any more. All further modifications to S1AP, or new NGAP procedures/IEs are added to TS38.413. 
Since TS38.413 includes both S1AP and NGAP, RAN3 needs to define a mechanism on how to document the S1AP specific and NGAP specific procedures/IEs/ASN.1 in TS38.413.  This may not be a simple task. Current Stage-3 method, i.e. using “if supported”, does not work well in this case. Without a clear separation for S1AP specific and NGAP specific procedures/IEs/ASN.1, it can cause issues to product development and Interoperability Test. 
It is also unclear how the ASN.1 code will be specified for S1AP and NGAP. According to usual 3GPP approach, a new OID will be assigned to 5GC-Access, i.e. in parallel to “eps-Access (21)”. ASN.1 code for NGAP will use different ASN.1 Object Identifiers, and will be placed in a different module. This means that two sets of ASN.1 code will be maintained, i.e. one set of ASN.1 code for S1AP with current S1AP OID, and another set of ASN.1 code for NGAP with new NGAP OID. 
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Figure 1 – current ASN.1 Object Tree for S1AP
The 5G-CN/gNB designed according to the single S1AP/NGAP specification have to handle the legacy S1AP IEs. This is even worse for those mandatory S1AP IEs that are not applicable to NGAP. The 5G CN/gNB has to understand/generate the mandatory S1AP IEs that are not applicable to NGAP.
· Option 4: TS38.413 for both S1AP and NGAP, but with all not applicable S1AP IEs set to “Optional”
This Option is similar to Option 3 that TS38.413 is to be used for both S1AP and NGAP. The difference to Option 3 is that all mandatory S1AP IEs that are not applicable for NGAP are set to Optional. This option avoids one of the issues for Option 3, i.e. to handle the mandatory S1AP IEs.
In a summary, Option 2 has more benefit than other options. Therefore, we propose RAN3 to adopt Option 2.
Proposal 1: RAN3 adopts Option 2 for NGAP, i.e. S1AP is maintained in TS36.413. NGAP in TS38.413 is based on TS36.413, but without the not applicable S1AP procedures/IEs/ASN.1 code.
3
Conclusions
In this paper, we discussed different options to develop NGAP. Based on the analysis, Option 2 has more benefit than other options. Therefore, the following is proposed:

Observation 1: Both S1AP and NGAP will coexist for a while. S1AP will be continuously maintained and enhanced, after NGAP is developed. 

Observation 2: 25 common procedures between S1AP and N2AP, but another 23 S1AP procedures are different to NGAP, either not applicable, or not needed, or not discussed and may not have corresponding NGAP procedures in Rel-15.
Observation 3: 5G has introduced new features that are disruptive to S1AP.
Proposal 1: RAN3 adopts Option 2 for NGAP, i.e. S1AP is maintained in TS36.413. NGAP in TS38.413 is based on TS36.413, but without the not applicable S1AP procedures/IEs/ASN.1 code.
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