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1. Introduction
Assumptions for this contribution: 
-	UEs in this contribution support both EPC and 5GC NAS.
-	Networks in this contribution support both EPC and 5GC and support inter-operability between them.
The following are the current agreements in the TS:
1.	UEs shall support single-registration mode.
The network may or may not support Nx interface. 
Procedure for mobility from 5GC to EPC and vice-versa for the case that network support Nx interface are in the process of being developed.
What is not clear are the mobility procedures in case the network does not support Nx procedures. This contribution deals with this topic. 
Some operators may not want to deploy Nx interface. However, in roaming scenarios where single-registration support UEs roam into networks that do not support Nx, IP address preservation shall be provided. It is acceptable not to provide seamless mobility, but not providing IP address preservation on inter-system mobility can break several OTT application and result in bad user experience.
Figure 1. Need to provide IP address preservation to single registration UE in roaming scenario by network not supporting Nx interface.[image: ]


	REQUIREMENT 1: IP address continuity shall be provided on inter-system mobility to UEs that support single-registration mode by network that do not support Nx interface.


2  	Solution Proposals for 5GC to EPC mobility
2.0 	General observations
This section captures some general observations on any solution that attempts to provide IP address continuity when there is no Nx in the network. 
In order to provide IP address continuity, the SMF+PGW-C address needs to be stored in the HSS+UDM whenever the UE creates a PDN Connection/PDU Session in the source CN and provided to the target CN to ensure that the same SMF+PGW-C is selected. This is similar to the solution for dual-connectivity and also for mobility between 3GPP and non-3GPP accesses for EPC as captured in TS 23.402 and TS 23.401.
However, the solution captured in 23.402/23.401 does not result in the clean-up of the PGW address from the HSS whenever PDN Connection is removed. Hence, there can be several APNs with dynamically allocated PGW addresses stored in the HSS even though the UE only has a one PDN connection in source network. These APNs and dynamically allocated PGW address may correspond to PDN connections that have already been deleted and hence not valid anymore. Hence, the CN network cannot figure out how many PDN connections the UE had in the source network just based on the PGW-C+SMF addresses from the HSS.
For 5GC, there is possibility to modify the system so that whenever PDU sessions are deleted the SMF+PGW-C informs the HSS+UDM and removes the dynamically allocated PGW-C+SMF information. Doing the same for EPC, would result in modification of MME behaviour. Also such a solution will then differ from the case of handover from non-3GPP accesses. Also, networks that do not support Nx may support handover from non-3GPP accesses, and thus there can be two different behaviours for handover which is not good.
Observation 1: For networks that do not support Nx interface, SMF+PGW-C address needs to be stored in HSS+UDM and provided to the target CN. This mechanism is similar to the case for dual-connectivity.
Observation 2: There may be more APNs/DDNs and dynamically allocated SMF+PGW-C address provided by HSS to the target CN than the number of PDN connections the UE had active in the source network.
Another point to note is that, on 5GC -> EPC mobility if the UE performs attach in MME, the MME performs location update to the HSS+UDM. For EPC, during an attach the location update carries the flag "initial-registration". Such a flag leads to the HSS to send a cancel location to the AMF, if the network follows single-registration procedures. Sending such a cancelation to the AMF will result in the AMF tearing down the resources (both MM and SM) in the source CN. This can result in race conditions where the AMF via the SMF is deleting SM resources in the source network, and the target network is performing transfer of the SM to the EPC.
Observation 3: When UE performs Initial Attach in EPC, the HSS+UDM in such networks should be configured not send cancel location to the AMF. This behaviour is similar to that for networks supporting dual-registration.
In the figures below, procedures specifically to support dual-registration mode are shown with "blue text" and changes beyond that for solution #3 and #4 are shown in red text.
2.1	Solution #1: Full PDN Context setup at TAU[image: ]

Figure 1. Full PDN Context setup at TAU.
In this solution the full PDN Context is setup in EPC when UE performs TAU in EPC. 
The text in red in the figure above denotes new steps or IEs needed for IP address preservations. These steps or IEs are not needed when Nx interface is deployed.
1.	UE performs 5GC registration and is provided a 5G GUTI.
2. 	UE creates PDU Session. The PGW-C+SMF and DNN information is stored in the HSS+UDM. 
3.	UE moves to EPC. This mobility may be in idle mode or based on RRC Release with redirection.
4.	UE sends Tracking area update request message with mapped 4G GUTI. The UE also provides the EPS bearer Status (as stated in Step 2 of TS 23.401 Clause 5.3.3.1, TAU procedure). EPS Bearer IDs were provided to the UE when in 5GC.
5.	The MME based on the 4G GUTI determines that there is no Nx interface to the AMF and cannot obtain the UE’s MM/SM context. The MME re-authenticates the UE based either on IMSI or old 4G GUTI, if the UE provided one.
6.	The MME registers itself to the HSS+UDM by performing a location area update request.
7.	The HSS+UDM responds with PGW-C+SMF and APN(s) (mapped from DNN(s)) information.
NOTE: 	The steps 8-12 are the similar to Steps 2-8 of TS 23.401 clause 5.10.2, UE requested PDN connection request with “handover flag”. Modifications are in red text.
NOTE:	The PGW-C addresses provided by the HSS+UDM may be (many) more than the PDU connections the UE had in 5GC. Hence, Steps 8-12 will be performed with several PGW-C and will result in unnecessary signalling and failures.
8.	Based on the PGW-C+SMF address provided by the HSS+UDM, the MME realizes that it does not have SM context information of the UE. The MME selects an SGW for the UE. For each PDN connection, the MME sends a Creates Session Request (APN, Handover indication, NULL EBID) to the SGW. The MME does not include EPS bearer ID (or EPS Bearer ID is set to NULL, Stage 3 to determine), since the MME does not know which EPS bearer ID corresponds to which PDN Connection.
9.	The SGW forwards the Create Session Request (APN, Handover indication, NULL EBID) to the PGW.
10-11. Based on the handover indication received in the Create Session Request, the PGW-C+SMF determines that this is a request to switch PDU session from 5GC to EPC. The PGW-C+SMF provides modification to the PGW-U+UPF to update the UP to be now pointing to SGW. The PGW-C+SMF send Create Session Response (EBID, dedicated bearer flag). The EBID is the EPS bearer Id for the default bearer of the PDN Connection and dedicated bearer flag is included if there are dedicated bearers to be setup for the UE for the PDN connection. The flag is an indication to the MME to wait before responding to the UE.
12.	The SGW sends the Create Session response to the MME. The MME stores all the default bearer parameters (EBID, QoS, etc. ) for the default bearer of the PDN connection.
If there are dedicated bearers for the UE, steps 13-17 are executed.
NOTE: 	The steps 13-17 are the similar to Steps 2-3 and 10-11 of TS 23.401 clause 5.4.1, Dedicated bearer activation. Modifications are in red text.
13.	The PGW-C+SMF sends a Create Bearer Request(EBID(s), handover indication). There is one EBID for each dedicated bearer for the PDN connection. The EBIDs had been allocated when the UE was in 5GC.. 
14.	The SGW forwards the Create Bearer Request to the MME. The MME stores the EPS bearer context. The handover flag in the create bearer request is an indication to the MME not to page the UE (which it would do based on existing TS 23.401 procedure).
15. The MME responds with create bearer response to the SGW. There is no downlink S1-U TEID for the bearer. 
16.	The SGW sends a Create bearer response to the PGW after adding DL S5-TEID for each dedicated bearer.
17.	The PGW modifies the UP. Downlink packets for dedicated bearers can now to be forwarded to the SGW. 
18.	The PGW-C+SMF and APN information is stored in the HSS+UDM.
19.	The MME responds to the UE with TAU accept message which includes the EPS Bearer Status.
20.	The UE responds with a TAU complete message.
21.	The SMF+PGW-C clean up SM resources in 5GC using SMF initiated PDU Session Deletion.
Note that if the UE also wanted to setup the user-plane the UE could have performed TAU with active flag, as specified in TS 23.401. In such a case, between steps 18 and 19, E-RABs would also be setup for the UE.
Pros of Solution #1:
-	No impacts to UE. UE behaves as in case of network with Nx (handovers are not supported).
-	Enables idle-mode inter-system mobility, i.e. does not require UE to perform service request that setup of DRBs during mobility from 5GC to EPC. 
Cons of Solution #1:
-	Has impacts to the TAU procedure, eg. setting up of default and dedicated bearers between the MME and the PGW.
-	Since the number of PGW-C+SMF addresses will be many more than the PDU sessions the UE had in source network, the setup of PDN Connections in EPC will result in wasted signaling with HSS.

2.2	Solution #2: Only Default bearer setup at TAU
This solution is a variation of the solution #1 above, but with the difference that only the default bearer per PDN context is setup when UE moves to EPC. The dedicated bearers (GBR and non-GBR) are setup subsequently by the PGW-C+SMF as shown below:
[image: ]

Figure 2. Only default bearer setup at TAU.
The main difference between this procedure and procedure in solution #1 are the following:
1.	During the TAU procedure only the default bearer is setup. The dedicated bearers are not setup. In the TAU accept message, only bearer status for default bearer is set to active. The dedicated bearers are not shown to exist.
2.	Following the TAU procedure, the PGW initiates dedicated bearer setup. Note that this will force the UE to go into ECM-CONNECTED state.
 Pros of Solution #2:
-	No impacts to UE. 
-	Has lesser impacts to TAU procedure in the network compared to solution #1, only default bearer is setup during TAU
Cons of Solution #2:
-	Does not support idle-mode mobility between the two systems, i.e. the UE will need to perform Service Request, setup DRBs.
-	Since the number of PGW-C+SMF addresses will be many more than the PDU sessions the UE had in source network, the setup of PDN Connections in EPC will result in wasted signaling with HSS.






2.3	Solution #3: TAU accept with new cause code followed by PDN Context setup
In this solution and the next one, when the UE performs TAU, EPS bearers are not setup. Instead, the UE then setups the PDN connections.
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Figure 3. TAU accept followed by UE initiated PDN Connection setup.

The text in red in the figure above denote new steps or IEs needed for IP address preservations. These steps or IEs are not needed if IP address preservation is not required without Nx.
1.	UE performs 5GC registration and is provided a 5G GUTI
2. 	UE creates PDU Session. The PGW-C+SMF and DNN information is stored in the HSS+UDM. 
3.	UE moves to EPC. This mobility may be in idle mode or based on RRC Release with redirection.
4.	UE sends Tracking area update request message with mapped 4G GUTI.
5.	The MME based on the 4G GUTI determines that there is no Nx interface to the AMF. The MME re-authenticates the UE based either on IMSI or old 4G GUTI, if the UE provided one.
6.	The MME registers itself to the HSS+UDM.
7.	The HSS+UDM responds with PGW-C+SMF and DNN(s) (mapped from APN(s)) information.
8.	Based on receiving the PGW-C+SMF and DNN information from HSS+UDM, the AMF sends response to UE stating that SM context is not setup for the UE.
9.	Based on the flag received in TAU response, the UE performs PDU session setup with “handover” flag. This results in IP address preservation. The PGW-C+SMF, DNN information is stored in HSS+UDM. This is performed for all PDU sessions that the UE had in 5GC.
10. The SMF+PGW-C clean up SM resources in 5GC by initiating the SMF initiated PDU Session Disconnection procedure.
Pros of Solution #3:
-	Can work in roaming scenario where the home HSS does not support "dual registration" feature of not sending cancel location to AMF (see solution #4 below).
-	Has small impacts to TAU procedure. 
-	Requires MME to perform authentication based on trigger of mapped 4G GUTI.
-	Requires new cause-code to be provided to the UE. 
Cons of Solution #3:
-	Has impacts to UE's 4G Protocol stack. The UE needs to understand the new cause code
-	Requires UE to support EPS attach without PDN connections, otherwise the UE will go into detach state. 
-	Does not support idle-mode mobility between the two systems. UE will need to perform Service Request to setup PDN connections when it moves to the target system.

2.4	Solution #4: TAU reject with new cause code followed by UE performing attach and PDN Context setup
In this solution the TAU procedure is not successful. However, the TAU reject has a new cause code that:
-	Tells Triggers the UE that it needs to perform Attach procedure, BUT it should not delete SM context (specifically the APNs (DNN) to which it had established PDU sessions) that are currently present 5G SM context. Essentially, the UE goes via the EMM-DEREGISTERED (and hence 5GC-DEREGISTERED state since this is a single-registration UE) without deleting its 5GC-SM context.
2.4.1 Is a new cause code in TAU Reject required (i.e. why impact MME and UE)?
If the MME is not modified, then in Step 4, the MME will send TAU reject with the following cause code (as specified in TS 24.301)
==== Start Quotes =======
#9		(UE identity cannot be derived by the network);
	The UE shall set the EPS update status to EU2 NOT UPDATED (and shall store it according to subclause 5.1.3.3) and shall delete any GUTI, last visited registered TAI, TAI list and eKSI. The UE shall delete the list of equivalent PLMNs and shall enter the state EMM-DEREGISTERED.
	If the rejected request was not for initiating a PDN connection for emergency bearer services, the UE shall subsequently, automatically initiate the attach procedure.
NOTE 2:	User interaction is necessary in some cases when the UE cannot re-activate the EPS bearer(s) automatically.
	If A/Gb mode or Iu mode is supported by the UE, the UE shall handle the GMM parameters GMM state, GPRS update status, P-TMSI, P-TMSI signature, RAI and GPRS ciphering key sequence number as specified in 3GPP TS 24.008 [13] for the case when the normal routing area updating procedure is rejected with the GMM cause with the same value.
===End Quotes ==========
The behaviour of UE in 2G/3G corresponding to the last para above is from TS 24.008
==== Start Quotes =======
# 9		(MS identity cannot be derived by the network);
	The MS shall set the GPRS update status to GU2 NOT UPDATED (and shall store it according to subclause 4.1.3.2), enter the state GMM-DEREGISTERED, and shall delete any P-TMSI, P-TMSI signature, RAI and GPRS ciphering key sequence number. If the rejected request was not for initiating a PDN connection for emergency bearer services, the MS may subsequently , automatically initiate the GPRS attach procedure.
	If S1 mode is supported in the MS, the MS shall handle the EMM parameters EMM state, EPS update status, GUTI, last visited registered TAI, TAI list and KSI as specified in 3GPP TS 24.301 [120] for the case when the tracking area update procedure is rejected with the EMM cause with the same value.
===End Quotes ==========
Important points to note here are (extrapolation from 2G/3G to 5GC):
1. The UE in EPC will initiate attach procedure. Good.
2. The UE will delete both its EPC and 5GC MM Context also. The UE will do Attach with IMSI.
3. There is nothing stated here about UE performing PDN Connectivity with handover flag. No indication provided to the network that such a procedure is supported and UE may perform that. 
Note that in networks that do not support PDN connectivity with handover flag of if dynamic PGW address is not available from the HSS, the PDN connection request is rejected by the network.
There are two ways forward:
A. New cause code in TAU reject, which (i) tell the UE to not delete any 4G GUTI or 5G GUTI, such that the UE does not need to send IMSI even if the UE moves back to 5GC, and (ii) tell the UE to move its relevant (UE selects) PDN Contexts over to EPC using PDN Connection with handover flag. The PGW cleans up resources on the source network.
B. Use pre-existing cause code #9, which has the impact that UE MUST perform attach with IMSI in both EPC. Also does not provide any indication to the UE that the network supports PDN Connection with handover flag.
We propose to go with approach A, i.e. provide a new cause code to the UE. This indication clearly tells the UE that the rejection is due to not having Nx interface in the network and that the UE should attempt to move over its PDN connections over to the target network using PDN Connection with handover flag. 
2.4.2 How does MME determine that old node is AMF?
The MME needs to know that the old node is AMF and not an MME in order to send the new cause code. The MME should not send this cause code if the UE moves from another (old) MME to which this MME has no S10 interface.
This can be solved by extending the GUTI type parameter defined in 23.401 and 24.301.
==
From 23.401:
[bookmark: _Toc445737114]4.3.19.1	General
The indication of mapped or native GUTI shall be signalled by the UE to the MME as an explicit indication in Attach Request and TAU Request messages. The indication of mapped or native P-TMSI/RAI shall be signalled by the UE to the SGSN as an explicit indication in Attach Request and RAU Request messages.
From 24.301:
[bookmark: _Toc367284199]9.9.3.45	GUTI type
The purpose of the GUTI type information element is to indicate whether the GUTI included in the same message in an information element of type EPS mobile identity represents a native GUTI or a mapped GUTI.
The GUTI type information element information element is coded as shown in figure 9.9.3.45.1 and table 9.9.3.45.1.
The GUTI type is a type 1 information element.

	8
	7
	6
	5
	4
	3
	2
	1
	

	GUTI type IEI
	0
	0
	0
	GUTI type
	octet 1

	
	spare
	
	



Figure 9.9.3.45.1: GUTI type information element
Table 9.9.3.45.1: GUTI type information element
	GUTI type (octet 1)

	Bit

	1
	
	
	
	

	0
	
	
	
	Native GUTI

	1
	
	
	
	Mapped GUTI

	

	Bits 2 to 4 of octet 1 are spare and shall be coded as zero.

	



===
There is sufficient space in the GUTI type to indicate that this is a GUTI mapped from 5G-GUTI.
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Figure 4. TAU reject followed by UE performing attach and PDN connection setup.
The text in red in the figure above denote new steps or IEs needed for IP address preservations. These steps or IEs are not needed if IP address preservation is not required without Nx.
1.	UE performs 5GC registration and is provided a 5G GUTI
2. 	UE creates PDU Session. The PGW-C+SMF and DNN information is stored in the HSS+UDM. 
3.	UE moves to EPC. This mobility may be in idle mode or based on RRC Release with redirection.
4.	UE sends Tracking area update request message with mapped 4G GUTI.
5.	The MME based on the 4G GUTI determines that there is no Nx interface to the AMF. The MME rejects the UE with new cause code "Handover Attach Required". The UE does not delete any 4G or 5G GUTI and also gets an indication that network supports PDN Connection with handover flag.
6.	Based on this indication the UE performs Attach with mapped 4G GUTI. The UE may subsequently need to provide IMSI (as in the existing Attach procedure if MME is unable to locate the UE's IMSI based on either mapped 4G GUTI or previous 4G GUTI). In this step, the UE may also request setup of the first PDN connection.
7. 	The MME follows the detailed attach procedure (steps now shown here). As part of the attach procedure the MME registers itself for the UE at the HSS. If this is a roamed-in UE, the MME does not include the "initial registration" indication. If this is a non-roaming scenario and the HSS is configured to provide "dual registration" support, the MME may include "initial registration" flag. This is a feature supported by MMEs for "dual registration" (see 23.401 CR).
8.	The HSS will need to have an indication (eg. reuse the dual-registration indication), so that the HSS does not sent cancel location to the AMF, based either on not receiving "initial registration" flag (for roaming), or being configured to support dual-registration mobility.
9. 	The HSS+UDM responds with PGW-C+SMF and DNN(s) (mapped from APN(s)) information. 
10.	Attach accept is sent to the UE.
11. UE performs PDU session setup with “handover” flag. This results in IP address preservation. The PGW-C+SMF, DNN information is stored in HSS+UDM. This is performed for all PDU sessions that the UE had in 5GC.
12. The SMF+PGW-C clean up SM resources in 5GC by initiating the SMF initiated PDU Session Disconnection procedure.
Pros of Solution #4:
-	Has fewersmall impacts to TAU procedure. Requires new cause-code to be provided to the UE. 
Cons of Solution #4:
-	Has impacts to UE's 4G Protocol stack. The UE needs to understand the new cause code in TAU reject.
-	Requires UE to go into DETACH state, but still maintain SM context (APNs info and keep IP interface up).. 
NOTE: If SA2 decides to proceed with this solution, before making final decision LS should be sent to CT1. 
-	Does not support idle-mode mobility between the two systems. UE will need to perform Service Request to setup PDN connections when it moves to the target system.
-	Has impacts to HSS. The HSS does cancel AMF registration when UE performs attach in EPC.
3. Evaluation of the Solutions for 5GC to EPC Mobility
The high-level evaluation of the solutions is captured in the table below. More detailed pros and cons are stated in the section where the solution is introduced.
	Criteria
	Solution #1: Full PDN Context setup at TAU
	Solution #2: Default bearer setup at TAU
	Solution #3: TAU accept(flag) with PDN context setup
	Solution #4:TAU reject(flag) with attach and PDN context setup

	UE impact
	None
	None
	Yes
	Yes
Need CT1 review.

	Network impacts to support "dual registration features" (EPC Side only)
	MME needs to register PGW-C, APN at PDN Connection



HSS to provide PGW-C+SMF dynamic address to MME
	MME needs to register PGW-C, APN at PDN Connection



HSS to provide PGW-C+SMF dynamic address to MME
	MME needs to register PGW-C, APN at PDN Connection



HSS to provide PGW-C+SMF dynamic address to MME
	MME needs to register PGW-C, APN at PDN Connection
MME deciding not to send "initial attach" to HSS for roaming during attach.
HSS to provide PGW-C+SMF dynamic address to MME

	Network impact (beyond "dual registration support") EPC side only
	MME initiated full PDN connection setup at TAU (TAU procedure, high)
	MME initiated default EPS bearer setup at TAU (TAU procedure, medium)
	MME performing some of "attach procedure" (authentication, IMEI detection) an sending new cause code to UE (TAU, low)
	MME sending new cause code to UE (TAU, low), HSS

	Support of idle-mode mobilityService Request Required on mobility
	YesNo
	NoYes
	NoYes
	NoYes



-	Solution #1 and #2 do not have UE impacts, but have impacts on network (MME-TAU procedure). Solution #1 and #2 do not work based on observation #2)
-	Solution #3 and #4 have both UE impacts and network impacts. Solution #4 is "cleaner" that solution #3, since it does not make TAU procedure behave like an attach procedure, i.e. perform authentication and IMEI check. , but lesser impacts on the network.
-	Solution #3 is preferred to solution #4, as it is more efficient that solution #4 (no attach required). Also, there are no impacts to HSS (beyond storage of PGW-C+SMF address).
Proposal 1: Solution #4 should not be considered further.
-	Out of all the solutions, only solution #1 enables idle-mode mobility. Both solution #1 and #2 impact the MME and exactly the same procedure TAU. Since MME needs to be impacted anyway, better to develop a clean solution.
Proposal 2: Solution #1 should be selected.
Proposal 2: It is proposed that SA2 is to select one of:
- 	Solution #4A (TAU reject with new cause code)
-	Solution #4B (TAU reject with existing cause code #9 and leave it on implementation for UE to perform PDN connection with handover flag).

4. Solutions for EPC to 5GC Mobility
4.1	Solution #A: Registration Accept with cause "PDU Sessions not synced" 
This solution is similar to Solution #3 above.
In this solution and the next one, when the UE performs Registration update, PDU Session Context is not obtained from EPC. Instead, the UE then setups the PDU session subsequently.
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1.	UE performs EPC attach and is provided a 4G GUTI.
2. 	UE creates PDN Connection. The PGW-C+SMF and APN information is stored in the HSS+UDM by the MME. 
3.	UE moves to 5GC. This mobility may be in idle mode or based on RRC Release with redirection.
4.	UE sends Registration Request message with mapped 5G GUTI. The registration type is “mobility registration update”. PDU session Status is also included.
5.	The AMF based on the 5G GUTI determines that there is no Nx interface to the MME and the AMF cannot get the UE's MM and SM context. However, the AMF decides to continue with the Registration procedure and authenticates the UE. 
6.	The AMF performs location update with the HSS+UDM. The AMF provides the same flag in Location update as in normal Registration Procedure of type "mobility registration update". 
7.	The HSS+UDM responds with PGW-C+SMF address(es) and DNNs (mapped from APN(s)).
8.	Based on receiving the PGW-C+SMF,DNN information from HSS+UDM, the AMF sends response to UE stating that SM context is not setup for the UE.
9.	The UE performs PDU session setup with “handover” flag. This results in IP address preservation. The PGW-C+SMF, DNN information is stored in HSS+UDM. This is performed for all PDN connections that the UE had in EPC.
10.	The PGW-C+SMF cleans up SM resources in EPC by initiating the PDN Disconnection Procedure.
Pros of Solution #A:
-	Can work in roaming scenario where the home HSS does not support "dual registration" feature of not sending cancel location to AMF (see solution #4B below).
Cons of Solution #A:
-	The Registration procedure of mobility type "mobility update" need to have similar behavior to type "initial update", i.e. perform authentication and (maybe) IMEI check, etc. 
 
-	Does not support idle-mode mobility between the two systems. UE will need to perform Service Request to setup PDN connections when it moves to the target system.

4.1	Solution #B: Registration Reject with cause "HO Registration" required 
This solution is similar to Solution #4 above. 
When the UE moves to 5GC, it performs registration procedure with "mobility update" type. The UE is provides mapped PDU Session ID, based on the solution accepted for single-registration mode with Nx mobility. However, since the AMF does not have Nx interface with MME, the AMF rejects the Registration Request with cause "Handover Registration Required". The UE performs initial Registration followed by setting up PDU sessions with handover flag.
[image: ]

Figure 5. Registration Reject followed by PDU session setup.
The text in red in the figure above denote new steps or IEs needed for IP address preservations. The blue text are network procedures required for dual-registration. These steps or IEs are not needed if IP address preservation is not required without Nx.
1.	UE performs EPC attach and is provided a 4G GUTI.
2. 	UE creates PDN Connection. The PGW-C+SMF and APN information is stored in the HSS+UDM by the MME. 
3.	UE moves to 5GC. This mobility may be in idle mode or based on RRC Release with redirection.
4.	UE sends Registration Request message with mapped 5G GUTI. The registration type is “mobility registration update”. PDU session Status is also included.
5.	The AMF based on the 5G GUTI determines that there is no Nx interface to the MME and the AMF cannot get the UE's MM and SM context. The AMF rejects the Registration request with flag "Hanodver Registration Required".
6.	The UE performs Registration with registration type set to "Initial Registration". The UE does not include mapped PDU session status. 
7. 	The AMF authenticates the UE.
8.	The AMF registers itself to the HSS+UDM. For non-roaming scenario it includes flag "dual registration" and for roaming scenario it does not include the "initial registration" flag in the location update. 
9. 	The HSS+UDM does not to send cancel location to the MME, based on the "dual registration" flag (non-roaming) or absence of "initial registration" flag (roaming) in location update in Step 8.
10.	The HSS+UDM responds with PGW-C+SMF address(es) and DNNs (mapped from APN(s)). The AMF stores the PGW-C+SMF addresses.
11.	The AMF sends registration accept to the UE.
12.	The UE performs PDU session setup with “handover” flag. This results in IP address preservation. The PGW-C+SMF, DNN information is stored in HSS+UDM. This is performed for all/some PDN connections that the UE had in EPC.
13.	The PGW-C+SMF cleans up SM resources in EPC by initiating the PDN Disconnection Procedure.

How does the AMF determine that old node is an MME and not an AMF?
AMF needs to know that the old node is MME to send the rejection with cause code. The AMF should not send this cause code in case the UE moves from an AMF. Just like for EPC, it should be possible to define a field that says that the GUTI is mapped from 4G-GUTI. This should not be an issue.

4.3	Evaluation of the two solutions
-	Solution #A makes Registration Procedure with "mobility update" flag to behave like "initial registration" type, by making the AMF perform authentication and proceed with the procedure even though the AMF could not obtain MM context from source CN node (MME). Solution #B does not propose such a behavior. It forces the UE to perform Registration with "initial registration" flag, which is clean procedure. Though there is additional signaling of Registration Reject with cause code "Handover Registration Required", this indication is critical for the UE to not delete its 4G GUTI and perform an initial Registration using the mapped 5G-GUTI.  
Proposal 2: It is proposed that SA2 is to select:
- 	Solution #B (Registration reject with new cause code followed by UE performing initial Registration followed by PDU Session Setup)

5.	Updates to 23.501
[bookmark: _Toc480388607] **************  START CHANGES **********************
[bookmark: _Toc483485739][bookmark: _Toc484011360]5.17.2	Interworking with EPC
[bookmark: _Toc483485740][bookmark: _Toc484011361]5.17.2.1	General
In order to interwork with EPC, the UE that supports both 5GC and EPC NAS can operate in single-registration mode or dual-registration mode:
-	In single-registration mode, UE has only one active MM state (either RM state in 5GC or EMM state in EPC) and it is either in 5GC NAS mode or in EPC NAS mode (when connected to 5GC or EPC, respectively). Similarly, the network maintains one state either in the AMF or in the MME. UE maintains a single coordinated registration for 5GC and EPC.
-	In dual-registration mode, UE can handle independent registrations for 5GC and EPC. In this mode, the UE may be registered to 5GC only, EPC only, or to both 5GC and EPC.
[bookmark: _GoBack]Editor's note:	It is FFS which mode is mandatory for the UE and the network, and how to converge on one mode.
The support of single registration mode is mandatory for UEs that support both 5GC and EPC NAS. If the network supports interworking with EPC, the network supports inter-system mobility procedures for single-registration mode or dual-registration mode.Networks that support interworking with EPC, may support interworking procedures using or not using the Nx interface. In either case, all networks that support interworking with EPC support procedures to provide IP address continuity on inter-system mobility to single-registration mode UEs. 
If UE also supports dual-registration mode, the UE during initial 5GC registration procedures provides its support dual-registration mode to the network. The network selects one of the two modes, based on UE capabilities, network capabilities and operator policies, and provides the selected mode to the UE in the registration response message. This mode is valid in the UE's 5GC registration area and maybe updated by the network during subsequent registration procedure.
Editor's note:	It is FFS if such an indication is also needed in EPC/E-UTRAN.
During E-UTRAN Initial Attach, UE supporting both 5GC and EPC NAS shall indicate its support of 5G NAS in UE Network Capability described in clause 5.11.3 of TS 23.401. 
During registration to 5GC, UE supporting both 5GC and EPC NAS shall indicate its support of EPC NAS. 
NOTE x: This indication may be used to give the priority towards selection of PGW-C + SMF for UEs that support both EPC and 5GC NAS.
[bookmark: _Toc483485741][bookmark: _Toc484011362]5.17.2.2	Mobility in single-registration mode
Single-registration mode requires support for Nx interface between AMF in 5GC and MME in EPC to enable seamless session continuity (e.g. for voice services) for inter-system change.
When UE supports single-registration mode and Network supports interworking using the Nx interfaceis supported:
-	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. For connected-mode mobility from 5GC to EPC, inter-system handover is performed.
-	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.
NOTE:	With Single Registration mode, when there is no support for Nx and dual-registration mode, IP address change is expected upon mobility to EPS.
Editor's note:	UE behaviour when it moves to EPS or moves to 5GC in case of following scenario is FFS-UE supports SR mode only and network does not support SR mode.
[bookmark: _Toc483485742][bookmark: _Toc484011363]When the UE supports single-registration mode and network supports interworking without using Nx interface:
-	For mobility from 5GC to EPC, the UE performs TAU procedure with 4G-GUTI mapped from 5G-GUTI. The MME determines that the old node is an AMF and rejects the TAU with a cause code that triggers the UE to perform Attach in EPC with "handover" indication in PDN Connection Request message (TS 23.401[x], clause 5.3.2.1) and it subsequently moves all its other PDU session using the UE initiated PDN connection establishment procedure with "handover" flag (TS 23.401[x] clause 5.10.2).
-	For mobility from EPC to 5GC, the UE performs Registration of type "mobility registration update" in 5GC. The AMF determines that old node is an MME and rejects the Registration with cause code that triggers the UE to perform Registration of type "initial registration". The UE moves all its PDN connections from EPC using the UE initiated PDU session establishment procedure with "handover" flag (TS 23.502 [3], clause 4.3.2.2.1).

**************  END CHANGES    **********************
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