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Abstract of the contribution: Discusses the topic of how MME and AMF registration in HSS+UDM should be handled for IWK for both N26 and no-N26 based networks. 
1. Introduction
The main issue is whether the HSS keeps both MME and AMF registered in the HSS+UDM on inter-system mobility or only the latest node is registered in the HSS.
1.1 	Background (3G, 4G)
The handling of MME and SGSN registration in HSS for 3G and 4G interworking is the following (from TS 23.272 and TS 23.401):
-	ULR from MME always cancels old MME registration
-	ULR from SGSN always cancels old SGSN registration
-	ULR from MME with “initial-attach-indication” cancels old SGSN registration
-	ULR from SGSN with “initial-attach-indication” cancels old MME registration.
-	ULR from MME with “Single-registration-indication” cancels old SGSN registration.
	This is done to cancel old Gn/Gp SGSN registration ONLY (annex D in 23.401). 
-	ULR from SGSN does not use “single-registration-indication”. Hence, 4G -> 3G mobility registration from SGSN does not cancel MME registration.
The main point is that on mobility between 3G and 4G, both MME and SGSN are registered in the HSS. Only when UE performs initial GPRS/EPC Attach, is the CN node in the other network cancelled. 
There may have been several reasons for this:
- 	Support for ISR, required both MME and SGSN to be registered in HSS.
-	Reducing signalling from HSS to CN nodes on 3G<-->4G mobility. If cancel location was sent, then every mobility between these two systems would require the target node to send Location Update Request to the HSS and the HSS to send cancel location to the source CN node. If UE ping-pongs between the same SGSN and MME (typical case) no location update signaling occurs with the HSS. 
The main draw-back of dual registration of MME and AMF in HSS is that HSS is how HSS handles MT events. Eg, when the SMSC or SCEF requests the HSS for which CN node the UE is registered at. The HSS needs to keep track of which node provided latest information and provide that to the SMSC or SCEF.   
1.2 	N26 Interworking Procedures
For N26 interworking procedure, the UE operates in single-registration mode and there is no need to have both MME and AMF registered in the HSS.
The pros for having both MME and AMF registered in HSS+UDM are:
-	 Reducing signalling from HSS to CN nodes on EPC and 5GC mobility (same as 3G and 4G mobility).
-	Operator deploys only option 5 or 5+7 (no stand-alone NR): In this case, it is very likely that all LTE cells would have been upgraded to eLTE cell. The operator would have already paid for LTE software upgrade. Upgrading only some LTE cells to eLTE and leaving the others as is would not be a typical deployment of operator. There may be some deployments where eLTE is only in a subset area, eg URLLC for factory floor. In this case mobility between EPC and 5GC will be a rare event. Also providing NR to the UE can be performed either via EPC or 5GC. With NR supporting option 3a and 3x, EPC can also provide higher data rates without much impact to EPC.
-	Operator deploys standalone NR (Option 2 or Option 4): This would mean that operator has lower frequency deployment for NR (< 6GHz) and/or seamless mobility between NR and LTE is not really needed (no voice on NR radio). The question is then has the operator also deployed eLTE. If this is the case then there inter-system EPC and 5GC mobility will be limited. Only if the operator has not deployed eLTE will be significant mobility between EPC and 5GC.
So in summary, inter system mobility will be significant only if the operator has deployed NR SA without deploying eLTE. 
The cons for having both MME and AMF registered in HSS+UDM are:
-	Handling of MT events by HSS+UDM gets complicated: Eg, when the SMSC or SCEF requests the HSS for which CN node the UE is registered at. The HSS needs to keep track of which node provided latest information and provide that to the SMSC or SCEF.
-	Dual-registration of MME and AMF will in most deployments lead to triple registration of MME, AMF and SGSN. This makes the HSS+UDM logic for handling MT events even more complicated.
Several network vendors in previous meeting have expressed concern about having both MME and AMF registered in HSS+UDM for N26 based interworking, primarily with having to handle MT events by the HSS+UDM.
Proposal 1: For N26 based interworking, the MME and AMF are not registered simultaneously at the HSS+UDM.
1.3 	no-N26 procedures
For the no-N26 procedure the solution agreed in TS 23.501 does not cancel location of the other CN node on Registration (5GC) or Attach + TAU (EPC). This ensures that UE can operate either in SR mode or DR mode in no-N26 networks.
Observation 1: For networks with no-N26, both MME and AMF need to be registered in the HSS+UDM.

1.4	Overall MME and AMF registration in HSS Proposal
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Figure 1. Registration of MME and AMF in HSS+UDM for (a) N26 networks and (b) no-N26 networks.
It is clear that in N26 networks, when AMF is registered, the HSS+UDM should send cancel-location to the MME, which is different from the no-N26 networks. 
To enable this behavior, it is proposed that the following two flags be defined on the HSS+UDM <-> MME and HSS+UDM <->AMF interface:
1. 	"Initial Attach" (EPC) or "Initial Registration" (5GC) flag: The presence of this flag results in HSS+UDM sending cancel location to all other CN nodes (including CN node from the same network).
2.	"No flag" or lack of a flag: When there is no flag, the HSS+UDM only cancels registration of CN node from the same network, i.e. if MME includes no flag in Location Update to HSS, only old-MME is deleted. Old-SGSN or old-AMF is not deleted.
NOTE: The use of the above two flags is an extension of how the SGSN and MME registration is handled in HSS. 

For N26 networks:
EPC
- 	During EPC initial attach, the MME includes "initial attach" flag to the HSS+UDM. Existing behaviour
-	On TAU where the UE provides 4G-GUTI mapped from 5G-GUTI, the MME includes "initial attach" flag in location update to HSS. This will cancel registration of AMF (and SGSN, if present. However, SGSN registration should not be present at the HSS for N26 networks). New behaviour.
5GC
-	On "initial Registration" from UE, the AMF includes "initial Registration" flag to HSS+UDM.
-	On "mobility Registration" from UE when UE provides 5G-GUTI mapped from 4G-GUTI and the AMF obtains UE's context from MME, the AMF includes the "initial Registration" flag to the HSS.



For no-N26 networks:
EPC
- 	During EPC initial attach and the UE provides 4G-GUTI mapped from 5G-GUTI, the MME does not include "initial attach" flag to the HSS+UDM. New behaviour.
NOTE: inter-system TAU is not a successful procedure in no-N26 networks.
5GC
-	On "initial Registration", the AMF includes "initial Registration" flag to HSS+UDM.
-	On "mobility Registration" from UE when UE provides 5G-GUTI mapped from 4G-GUTI, the AMF does not include the "initial Registration" flag to the HSS.

2.	Proposal
It is proposed that SA2 endorse the following:
-	Proposal 1: For N26 based interworking, the MME and AMF are not registered simultaneously at the HSS+UDM.
The details of how the flags are used will go into the procedure section.
3.	Proposed change to 23.501

****************  START CHANGE ********************
[bookmark: _Toc488397029]5.17.2.2	Interworking Procedures with N26 interface
[bookmark: _Toc488397030]5.17.2.2.1	General
Interworking procedures using the N26 interface, enables the exchange of MM and SM states between the source and target network. Handover procedures are supported with the N26 interface. When interworking procedures with N26 is used, the UE operates in single-registration mode. The network keeps only one valid MM state for the UE, either in the AMF or MME. Either the AMF or the MME is registered in the HSS+UDM.
The support for N26 interface between AMF in 5GC and MME in EPC is required to enable seamless session continuity (e.g. for voice services) for inter-system change.
[bookmark: _Toc488397031]5.17.2.2.2	Mobility for UEs in single-registration mode
When the UE supports single-registration mode and network supports interworking procedure with the N26 interface:
-	For idle-mode mobility from 5GC to EPC, the UE performs TAU procedure with 4G-GUTI mapped from 5G-GUTI and the MME retrieves the UE's MM and SM context from 5GC if the UE has a PDU session established or if the UE or the EPC support "attach without PDN connectivity". The UE performs an attach procedure if the UE is registered without PDU session in 5GC and the UE or the EPC does not support attach without PDN connectivity. For connected-mode mobility from 5GC to EPC, inter-system handover is performed. During the TAU or Attach procedure the HSS+UDM cancels any AMF registration.
-	For idle-mode mobility from EPC to 5GC, the UE performs registration procedure with 5G-GUTI mapped from 4G-GUTI and the AMF and SMF retrieve the UE's MM and SM context from EPC. For connected-mode mobility from EPC to 5GC, inter-system handover is performed. During the Registration procedure, the HSS+UDM cancels any MME registration.

****************  END CHANGE ********************
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