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1. Introduction
Currently the procedures for single-registration mode with and without N26 interface are not described sufficiently in TR 24.890. 
The present pCR adds missing details of the handling of default EPS bearer contexts and PDU session contexts for the intersystem change with and without N26 interface, and adds a description for the mobility management handling for intersystem change without N26 interface.  
2. Reason for Change
1. The current text in subclause 11.2. does not describe in detail when and how the UE detects whether N26 is supported by the network. 
Especially for the case of the first mobility registration update procedure after an EPS attach, the UE will be able to determine support of the N26 interface only during the mobility registration update procedure and may have to adapt its behavior accordingly. The proposed principle is that before the UE initiates the registration procedure it handles its default EPS bearer contexts and PDU session contexts as if N26 were supported. If the network indicates in the REGISTRATION ACCEPT message that N26 is not supported, the UE modifies the state of the PDU session contexts from active to inactive and continues with the procedures for intersystem change without N26.

2. The current description is focusing on the coordination between EMM and 5GMM, but for a successful procedure also the coordination between ESM and 5GSM is essential. It is proposed to add corresponding subclauses.

3. At the last CT1 meeting there was a discussion about the different options in stage 2 for the UE how to handle the intersystem change if N26 is not supported.
It is proposed to clarify the description for stage 3 in the following way:
-	there is a 'basic' option where the UE is just attempting to act as if N26 were supported. As the new core network will not be able to retrieve the session management contexts from the old core network, the UE will lose all its PDN connections or PDU sessions during the intersystem change. When the UE then attempts to re-establish its PDN connections / PDU sessions it will generally get new IP addresses assigned.
-	there is an 'enhanced' option where the UE is performing specific procedures in order to preserve the IP addresses during the intersytem change.

4. Regarding the coordination between ESM and 5GSM:
During an intersytem change with N26 the new core network (EPC or 5GC) will retrieve the default EPS bearer contexts/PDU sessions from the old core network. So the UE should map its 'active' PDU session contexts to default EPS bearer contexts (or vice versa) and set the state of these contexts in the target system to 'active'.
In contrast to this, during an intersytem change without N26 the new core network (EPC or 5GC) cannot retrieve the default EPS bearer contexts/PDU sessions from the old core network. Is it proposed that for this case the UE should map its 'active' PDU session contexts to default EPS bearer contexts (or vice versa) and set the state of the contexts in the target system to 'inactive' - as a reminder that the context yet needs to be activated. For 5GC to EPC intersystem change, only when an EPS bearer context has been activated successfully (or when the procedure has finally failed), the UE sets the state of the EPS bearer context in the target system to 'active' and the state of the corresponding PDU session context to 'inactive'. For the reverse direction of intersystem change this applies vice versa.

5. For the case without N26 interface, by setting the state of the EPS bearer context in the target system EPS to 'inactive' we can avoid the problem that normally, when the UE initiates an EPS attach procedure, it cannot have any EPS bearer contexts in state 'active'.
(Note that stage 2/TS 23.501 does not specify any requirements regarding the states of the EPS bearer/PDU session contexs for single-registration mode with or without N26. So CT1 is free to handle this as considered appropriate.)

6. If at the beginning of the EPS attach procedure the UE does not have any EPS bearer contexts in state 'active', we can also assume that before initiating the procedure the UE will move locally to EMM-DEREGISTERED. So we do not need to change the fundamental principles in TS 24.301 that  
-	an EPS attach procedure can only be started in EMM-DEREGISTERED, and 
-	at the beginning of the EPS attach procedure the UE cannot have any EPS bearer contexts in 'active' state.
There is however a price to pay for this: as we want to keep the PDU session contexts in 5G in 'active' until they have been transferred (which is in line with their actual state on the core network side), the UE needs to stay in 5GMM-REGISTERED. Thus, for the time until the EPS attach procedure is completed, the registration states in the UE are temporarily 'out-of-sync'. However this is just in line with the status on the network side, because as a matter of fact the MME does not have any subscriber context for the UE and it will also not be able to retrieve it from anywhere other than the HSS.
(It should also be noted that during the attach procedure there is no strict state synchronization beween the EMM and the 5GMM state machines in the UE, as the UE will immediately change to EMM-REGISTERED-INITIATED and stay there until the attach procedure is completed.)

7. Unfortunately it is possible that the EPS attach is rejected (e.g. with EMM cause #13 or #15, or with other causes with or without EMM back-off timer), or it can be delayed (e.g. by access class barring) or fail for various reasons (loss or radio connection, T3410 timer expiry, etc.). In order to avoid that for these cases the PDU sessions (and the related IP addresses) are lost before they can be transferred to the EPC, the 2 mobility management state machines need to be 'isolated' partially in the sense that the outcome of an EMM procedure like EPS attach will not affect the 5GMM parameters like 5GMM state, 5G-GUTI, TAI list, etc. Only the EPS update status will be mapped to the respective 5GMM update status to ensure that if the UE returns to N1 mode it will trigger a mobility registration update procedure even if the UE returns to a 5G tracking area which is included in its (5G-)TAI list.
For the reverse direction from EPC to 5GC, we need to apply the same partial 'isolation' of state machines, because in principle all the above problems can also occur during a mobility registration update procedure.
When all the PDN connections/PDU sessions have been successfully transferred to the target system, the isolation between the state machines can be removed.
For this specific mode where the EMM and 5GMM state machine are 'isolated' partially we say that the UE is operating in "single-registration* (SR*)" mode. We do this, because the UE behavior in this mode is 
-	different from the behaviour in single-registration mode with N26 interface (in so far as in SR* mode, upon intersystem change to S1 mode the UE performs EPS attach instead of TAU, and upon intersystem change in both directions the UE maps its session management contexts to corresponding contexts in the target system in 'active' state), and
-	different from the behaviour in single-registration mode without N26 interface for that UE implementation option where the UE also attempts to act as if in single-registration mode with N26 interface.
For the specification TS 24.301 this means: 
i)	For (regular) single-registration mode CT1 will need to add to various unsuccessful cases and abnormal cases a requirement that when the UE enters EMM state EMM-DEREGISTERED, sets the EPS update status to EU2 or EU3, and deletes the 4G-GUTI, TAI list, KSI, etc., and the UE supports N1 mode, then the UE shall also enter 5GMM state DEREGISTERED, set the 5GMM update status to "5GU2" or "5GU3", respectively, and delete the 5G-GUTI, related TAI list, KSI, etc. 
	Note that this is needed in any case, similar to the current requirements regarding the effect on the GMM state, P-TMSI, RAI, GPRS CKSN, etc.
ii)	Additionally, for this case CT1 will need to add – to the same unsuccessful cases and abnormal cases – a requirement that when the UE sets the EPS update status to EU2 or EU3, then the UE shall also set the 5GMM update status to "5GU2" or "5GU3", respectively, but it shall not modify the 5GMM state, 5G-GUTI, related TAI list, KSI, etc.
Corresponding requirements for the reverse direction will also need to be included in the new TS 24.501.

8. It is also possible that the UE changes back, e.g. from S1 mode to N1 mode, before all the PDU sessions have been successfully transferred to the EPC. Assuming that after the previous intersystem change to S1 mode the UE started with transferring its 'most important' PDU session first (typically the session for IMS), the UE should be most concerned with getting that PDU session back to 5GC. So if the UE changes back to N1 mode and at least one PDU session has been transferred successfully, the UE will again initiate a mobility registration update procedure for intersystem change (i.e. using its 4G-GUTI as UE identity). If the UE changes back to N1 mode before it could transfer any PDU session to the EPC (e.g. because access classs barring was active in E-UTRAN), then the UE will initiate a mobility registration update procedure using its 5G-GUTI as UE identity, trying to resume the old configuration in N1 mode. 
(Also for the case when one PDU session has been transferred successfully and the UE uses the 4G-GUTI as identity in the REGISTRATION REQUEST, if the UE returns to its old AMF, the AMF might be able to the retrieve also the PDU sessions that have not yet been tranferred to the EPC. For this purpose, UE and AMF can indicate their active PDU sessions – which have stayed in 5G all the time – in the PDU session status IE.)
For the reverse direction, i.e. 'premature' change back from N1 mode to S1 mode when the first EPS bearer context has already been transferred to 5GC, the UE will need to initiate an EPS attach procedure and consequently lose the default EPS bearer contexts which could not be transferred (as the MME will deactivate these contexts locally when receiving the ATTACH REQUEST message). If the change back occurs before the UE could transfer any default EPS bearer context to 5GC, then the UE will initiate a TAU procedure using its 4G-GUTI as UE identity, trying to resume the old configuration in S1 mode.

9. It is proposed to supervise the intersystem change without N26 and with IP address preservation with a timer of e.g. 10 minutes. If it is not possible to transfer all the PDN connection/PDU sessions to the target system within that time, then the user probably has got a bigger problem than lack of IP preservation.

3. Conclusions
<Conclusion part (optional)>
4. Proposal
It is proposed to agree the following changes to 3GPP TR 24.890, v 1.1.1.


11.2	Single-registration mode
[bookmark: _Toc484956887][bookmark: _Toc485044328][bookmark: _Toc485217974][bookmark: _Toc485220147][bookmark: _Toc485220502][bookmark: _Toc492387927][bookmark: _Toc492388517][bookmark: _Toc492394401][bookmark: _Toc492394990][bookmark: _Toc492455822][bookmark: _Toc492456412][bookmark: _Toc492466232][bookmark: _Toc492466822][bookmark: _Toc498334761]11.2.1	General
If both 5GMM and EMM are enabled, a UE, which is capable of N1 mode and S1 mode in the single-registration mode, shall maintain one common registration for 5GMM and EMM.
In single-registration mode, for intersystem change between 5GC and EPC the UE behavior depends on whether the N26 interface between MME and AMF is supported. The UE can determine whether the N26 interface is supported in the following way:
-	When a UE performs a registration procedure in N1 mode, the AMF will inform the UE with the REGISTRATION ACCEPT message whether dual-registration mode is supported or not. An indication of "dual-registration supported" is equivalent to "N26 interface is not supported". The UE shall assume that the indication is valid for the entire PLMN. So at intersystem change from 5GC to EPC the UE knows whether the N26 interface is supported and whether to follow the procedures specified in subclause 11.2.2 or 11.2.3.
-	Upon intersystem change from EPC to 5GC, if this is the first mobility registration update procedure after an EPS attach, the UE shall assume that the N26 interface is supported and handle the mapping from EPS bearer contexts to PDU sessions accordingly (see subclause 11.2.2). If the network indicates in the REGISTRATION ACCEPT message "dual-registration supported", then the network does not support the N26 interface, and the UE shall from this point onwards follow the procedures specified in subclause 11.2.3.
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11.2.2.1	Coordination between 5GMM and EMM
A UE that is not registered shall be in state 5GEMM-DEREGISTERED and in state 5GEMM-DEREGISTERED.
In N1 mode, upon successful completion of a registration procedure, the UE operating in the single-registration mode shall enter substates 5GMM-REGISTERED.NORMAL-SERVICE and EMM-REGISTERED.NO-CELL-AVAILABLE.
In S1 mode, upon successful completion of an attach or tracking area updating procedure, the UE operating in the single-registration mode shall enter substates 5GMM-REGISTERED.NO-CELL-AVAILABLE and EMM-REGISTERED.NORMAL-SERVICE.
At intersystem change from S1 mode to N1 mode in 5GMM-IDLE mode, the UE shall stay in enter state 5GMM-REGISTERED.NORMAL-SERVICE and state EMM-REGISTERED.NO-CELL-AVAILABLE and initiate a mobility registration update procedure. The UE shall include the PDU session status IE in the REGISTRATION REQUEST message.
In S1 mode, upon successful attach or tracking area updating procedure, the UE operating in the single-registration mode shall enter substates 5GMM-REGISTERED.NO-CELL-AVAILABLE and EMM-REGISTERED.NOMRAL-SERVICE.
[bookmark: _Toc484956889][bookmark: _Toc485044330][bookmark: _Toc485217976][bookmark: _Toc485220149][bookmark: _Toc485220504]At intersystem change from N1 mode to S1 mode in EMM-IDLE mode, whenif no PDU session context is active, and EMM-REGISTERED without PDN connection is not supported by the UE or the MME, the UE shall move to state 5GMM-DEREGISTERED and state EMM-DEREGISTERED and then initiate the attach procedure. If EMM-REGISTERED without PDN connection is supported by the UE and the MME, the UE shall move to state EMM-REGISTERED.NORMAL-SERVICE and state 5GMM-REGISTERED.NO-CELL-AVAILABLE and initiate a tracking area updating procedure.
[bookmark: _Toc492387929][bookmark: _Toc492388519][bookmark: _Toc492394403][bookmark: _Toc492394992][bookmark: _Toc492455824][bookmark: _Toc492456414][bookmark: _Toc492466234][bookmark: _Toc492466824]At intersystem change from N1 mode to S1 mode in EMM-IDLE mode when at least one PDU session context is active, the UE shall move to state EMM-REGISTERED.NORMAL-SERVICE and state 5GMM-REGISTERED.NO-CELL-AVAILABLE and initiate a tracking area updating procedure.
[bookmark: _Toc498334763][bookmark: _Toc493834334]If the UE initiates a tracking area update procedure, the UE shall include the EPS bearer context status IE in the TRACKING AREA UPDATE REQUEST message.

11.2.3	Coordination between 5GMM and EMM Single-registration mode without N26 interface
11.2.3.1	General
For single-registration mode without N26 interface the UE may support one of the following procedures for the intersystem change:
1)	The UE behaves as in single-registration mode with N26 interface as described in subclause 11.2.2. In this case, IP address(es) can generally not be preserved when PDN connections or PDU sessions are re-established by the UE in the target system after intersystem change. 
-	At intersystem change from S1 mode to N1 mode in 5GMM-IDLE mode, when the UE initiates a mobility registration update procedure according to subclause 11.2.2.1, then due to the missing N26 interface the AMF will not be able to resolve the 5G-GUTI mapped from a 4G-GUTI and received with the REGISTRATION REQUEST message or to retrieve the subscriber context from the old MME. The AMF will therefore handle the request as an initial registration request, including in the REGISTRATION ACCEPT message an indication of "dual-registration supported". The UE will then re-establish PDU session(s) in the target system.
NOTE: For some of these cases user interaction can be necessary
[bookmark: _GoBack]-	At intersystem change from N1 mode to S1 mode in EMM-IDLE mode, if the UE initiates a tracking area update procedure according to subclause 11.2.2.1, then due to the missing N26 interface the MME will not be able to resolve the old GUTI received with the TRACKING AREA UPDATE REQUEST message or to retrieve the subscriber context from the old AMF. The MME will therefore reject the request with EMM cause #9 "UE identity cannot be derived by the network", the UE will enter state EMM-DEREGISTERED and initiate an attach procedure as specified in 3GPP TS 24.301 [13]. The UE will then re-establish PDN connection(s) in the target system.
NOTE: For some of these cases user interaction can be necessary
Editor's note:	The details of the handling of dedicated EPS bearer contexts and dedicated QoS flows need to be added.
2)	The UE performs procedures that enable IP address preservation when PDN connections or PDU sessions are re-established by the UE in the target system after intersystem change. The UE behavior is specified in detail in the following subclauses 11.2.3.2 and 11.2.3.3.
	In this case the UE can temporarily have different registration states in S1 mode and N1 mode, and it can have one or more default EPC contexts active in the EPC and one or more PDU sessions active in the 5GC at the same time.
Editor's note:	CT1 has not reached a consensus on whether to implement procedure without IP Address preservation only, procedure with IP Address preservation only, or both in the normative phase.

11.2.3.2	Coordination between 5GMM and EMM
The procedures in this subclause are only mandatory for a UE supporting intersystem change in single-registration mode without N26 interface, with IP Address preservation when PDN connections or PDU sessions are re-established by the UE in the target system after intersystem change (see subclause 11.2.3.1).
A UE that is not registered shall be in state EMM-DEREGISTERED and in state 5GMM-DEREGISTERED.
In N1 mode, upon successful completion of a registration procedure, the UE shall enter substates 5GMM-REGISTERED.NORMAL-SERVICE and EMM-REGISTERED.NO-CELL-AVAILABLE.
In S1 mode, upon successful completion of an attach or tracking area updating procedure, the UE shall enter substates 5GMM-REGISTERED.NO-CELL-AVAILABLE and EMM-REGISTERED.NORMAL-SERVICE.
A)	At intersystem change from S1 mode to N1 mode in 5GMM-IDLE mode, the UE shall enter state 5GMM-REGISTERED.NORMAL-SERVICE and state EMM-REGISTERED.NO-CELL-AVAILABLE. The UE shall initiate the mobility registration update procedure and include the PDU session status IE in the REGISTRATION REQUEST message.
	Upon successful completion of the mobility registration update procedure, if the UE had at least one default EPS bearer context in state BEARER CONTEXT ACTIVE or BEARER CONTEXT MODIFY PENDING before the intersytem change, then it performs PDU session re-establishment for its PDU sessions as specified in subclause 11.2.3.3. 
B)	At intersystem change from N1 mode to S1 mode in EMM-IDLE mode the UE shall enter stay in state EMM-DEREGISTERED.NORMAL-SERVICE, and stay in state 5GMM-REGISTERED.NO-CELL-AVAILABLE and then initiate the EPS attach procedure. with request type set to "handover" in the PDN CONNECTIVITY REQUEST message if the UE supports the attach procedure with request type set to "handover" . After succesfully attached in S1 mode, the UE shall transfer all other active PDU sessions from N1 mode to S1 mode by initiating the PDN connectivity procedure with request type set to "handover" in the PDN CONNECTIVITY REQUEST messageIf the UE had at least one PDU session context in state PDU SESSION ACTIVE or PDU SESSION MODIFICATION PENDING, then it activates its default EPS bearer context(s) as specified in subclause 11.2.3.3. 
C)	In S1 mode the outcome of any EMM procedure shall not affect the 5GMM parameters like 5GMM state, 5G-GUTI, TAI list, etc., with the following exception:
-	If as a result of an EMM procedure the UE sets the EPS update status to EU2 NOT UPDATED or EU3 ROAMING NOT ALLOWED, then it shall also set the 5GMM update status to NOT UPDATED or ROAMING NOT ALLOWED, respectively.
Editor's note:	The exact names of the 5GMM update status values are FFS.
	In N1 mode the outcome of any 5GMM procedure shall not affect the EMM parameters like EMM state, 4G-GUTI, TAI list, etc., with the following exception:
-	If as a result of a 5GMM procedure the UE sets the 5GMM update status to NOT UPDATED or ROAMING NOT ALLOWED, then it shall also set the EPS update status to EU2 NOT UPDATED or EU3 ROAMING NOT ALLOWED, respectively.
Editor's note:	The exact names of the 5GMM update status values are FFS.
11.2.3.3	Coordination between 5GSM and ESM
The procedures in this subclause are only mandatory for a UE supporting intersystem change in single-registration mode without N26 interface, with IP Address preservation when PDN connections or PDU sessions are re-established by the UE in the target system after intersystem change (see subclause 11.2.3.1), and if the UE has at least one PDU session or default EPS bearer context active in the source system before the intersystem change.
A)	At intersystem change from S1 mode to N1 mode in 5GMM-IDLE mode,
-	if this is not the first mobility registration update procedure after an EPS attach, then before initiating the mobility registration update procedure the UE shall map each default EPS bearer context in state BEARER CONTEXT ACTIVE or BEARER CONTEXT MODIFY PENDING to a PDU session context in state PDU SESSION INACTIVE; and
-	if this is the first mobility registration update procedure after an EPS attach, then before initiating the mobility registration update procedure the UE mapped each default EPS bearer context as specified in subclause 11.2.2.2. Upon receipt of an indication from 5GMM that the N26 interface is not supported, the UE shall set the states of all PDU session contexts to PDU SESSION INACTIVE.
	After succesfully registered in N1 mode and if the handover PDU session from EPC is supported by the AMF, the UE shall transfer all active PDN connections from S1 mode to N1 mode Upon successful completion of theregistration procedure, the UE shall attempt to activate each of the mapped PDU sessions by initiating the PDU session establishment procedure with request type set to "existing PDU session". For each PDU session the UE shall set the state of the corresponding default EPS bearer context to inactive, when the PDU session has been activated successfully, or when the PDU session establishment procedure was rejected by the network or aborted by the UE. When all PDU sessions have been handled, 5GSM shall indicate this to 5GMM.If the handover PDU session from EPC is not supported by the AMF, the UE shall re-establish PDU sessions corresponding to all active PDN connections by initiating the PDU session establishment procedure with request type set to "initial request".
[bookmark: _Toc498334764]Editor's note:	The details of the handling of dedicated EPS bearer contexts and dedicated QoS flows need to be added.

B)	At intersystem change from N1 mode to S1 mode in EMM-IDLE mode, the UE shall deactivate any EPS bearer contexts locally and map each PDU session context in state PDU SESSION ACTIVE or PDU SESSION MODIFICATION PENDING to a default EPS bearer context in state BEARER CONTEXT INACTIVE.
NOTE:	The UE can have EPS bearer contexts in state active, if it performed an intersystem change to N1 mode and returns to S1 mode before it could transfer all default EPS bearer contexts to the 5GC.
	During the EPS attach procedure, to activate one of these default EPS bearer contexts, the UE shall include a PDN CONNECTIVITY REQUEST message with request type set to "handover" in the ATTACH REQUEST message. After successful completion of the attach procedure the UE shall attempt to activate each of the other default EPS bearer contexts, if any, by initiating a stand-alone PDN connectivity procedure with request type set to "handover". For each default EPS bearer context the UE shall set the state of the corresponding PDU session context to inactive, when the EPS bearer context has been activated successfully, or when the PDN connectivity procedure was rejected by the network or aborted by the UE. When all default EPS bearer contexts have been handled, ESM shall indicate this to EMM.
Editor's note:	The details of the handling of dedicated EPS bearer contexts and dedicated QoS flows need to be added.
Editor's note:	It is FFS if the intersystem change without N26 and with IP address preservation needs to be supervised with a timer
11.2.3.4	Abnormal cases
The following describes the handling of a few selected abnormal cases for a UE performing intersystem change in single-registration mode without N26 interface, with IP Address preservation when PDN connections or PDU sessions are re-established by the UE in the target system after intersystem change (see subclause 11.2.3.1).
A)	If the UE initiates intersystem change back from S1 mode to N1 mode in 5GMM-IDLE mode before completion of a previous intersystem change in the opposite direction, and the UE successfully activated at least one default EPS bearer context with request type "handover" while in S1 mode, the UE shall act as specified in subclause 11.2.3.2, item A.
	It the UE did not successfully activate any default EPS bearer context with request type "handover" while in S1 mode, the UE shall initiate a mobility registration update procedure and include its 5G-GUTI and the PDU session status IE in the REGISTRATION REQUEST message.
B)	If the UE initiates intersystem change back from N1 mode to S1 mode in EMM-IDLE mode before completion of a previous intersystem change in the opposite direction, and the UE successfully activated at least one PDU session context with request type "existing PDU session" while in N1 mode, the UE shall act as specified in subclause 11.2.3.2, item B.
	If the UE did not successfully activate any PDU session context with request type "existing PDU session" while in N1 mode, the UE shall initiate a tracking area updating procedure and include its 4G-GUTI and the EPS bearer context status IE in the TRACKING AREA UPDATE REQUEST message.
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