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1
Introduction
In order to support mobility between EPC and 5GC for different network deployment scenarios, SA2 introduced the concepts of Single-Registration (SR) mode and Dual-Registration (DR) mode. Originally use of these 2 modes was intended to be related to whether a direct signalling interface (N26) between MME and AMF is supported in a network or not. This means Single-Registration mode could only be used if the network had an N26 interface deployed. If that interface was not available, the UE had to use Dual-Registration (DR) mode (if supported by the network), or it just had to re-attach upon change from EPC to 5GC or vice versa.
However, the relation between registration mode and support of N26 became blurred with the introduction of the idea to support IP address preservation also when N26 is not available. According to stage 2 (TS 23.501) this IP address preservation is achieved by means of a signalling procedure similar to the "handover attach" from non-3GPP to 3GPP access in 4G. Unfortunately stage 2 is describing this procedure as applicable to a UE in Single-Registration mode.

In the present paper 

-
it is shown that the UE behaviour expected by stage 2 is actually not in line with the definition of Single-Registration mode (and with fundamental principles of the 4G NAS protocol), but rather with the definition of Dual-Registration mode;
-
it is argued that instead of modelling the UE behaviour as "Single-Registration mode without N26 support", it should rather be modelled as "Dual-Registration mode with Single Radio"; and

-
that due to the implementation efforts for Dual-Registration mode on NAS level, the support of "Dual-Registration mode with Single Radio" (i.e. the support of IP address preservation) should remain optional.
As conclusion it is proposed to send an LS to SA2. 
2
Definition of Single-Registration mode and Dual-Registration mode

According to TS 23.501, subclause 5.17.2.1,
-
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). 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.

According to TR 24.890, 11.2.2, CT1 interpreted the requirement "only one active MM state" for a UE in SR so that both state machines can be in state REGISTERED, but only one of them is substate NORMAL-SERVICE whereas the other one is in NO-CELL-AVAILABLE. On the other hand, if the UE in SR mode is not registered, it "shall be in state EMM-DEREGISTERED and in state 5GMM-DEREGISTERED."

3
UE behaviour in Single-Registration mode without N26 interface

According to TS 23.501, subclause 5.17.2.3.2, there are 2 options how the UE can proceed after a change from 5GC to EPC:

<begin quote> 

5.17.2.3.2
Mobility for UEs in single-registration mode

When the UE supports single-registration mode and network supports interworking procedure without N26 interface:

-
For mobility from 5GC to EPC, the UE that has received the network indication that dual registration mode is supported may either:

-
perform Attach in EPC with Request type "Handover" in PDN CONNECTIVITY Request message (TS 23.401 [26], clause 5.3.2.1) and subsequently moves all its other PDU session using the UE requested PDN connectivity establishment procedure with Request Type "handover" flag (TS 23.401 [26] clause 5.10.2), or.

-
perform TAU with 4G-GUTI mapped from 5G-GUTI (TS 23.401 [26], clause 5.3.3), in which case the MME instructs the UE to re-attach. IP address preservation is not provided in this case.

NOTE 1:
The first PDN connection may be established during the E-UTRAN Initial Attach procedure (see TS 23.401 [26]).

NOTE 2:
At inter-PLMN mobility the UE always uses the TAU procedure.

…

<end quote> 

Option 1 is trying to mimic the behaviour know from "handover attach" from non-3GPP to 3GPP access specified for EPC in TS 23.401/23.402. I.e. the UE performs an attach procedure towards the MME and sends one or several PDN Connectivity Request messages with request type 'handover' (whereby the first PDN Connectivity Request message will typically be sent piggy-backed with the Attach Request message).

Option 2 is that the UE initiates a TAU, and since the MME cannot map the GUTI provided by the UE to an IMSI, it will reject the TAU Request (typically with cause "UE identity cannot be derived") which triggers a re-attach by the UE. This is the regular behaviour for a UE not supporting option 1, and in the following we will only focus on option 1.
4
Analysis of the Option 1 for Mobility from 5GC to EPC

If we attempt to map the signalling for option 1 as described above, we get into a double bind:
I)
On one hand, according to the definition of SR mode, as the UE was registered to the 5GC, it will also be EMM-REGISTERED after mobility to E-UTRAN@EPC. But according to the 4G NAS protocol in EMM-REGISTERED the UE will never initiate an attach procedure.

II)
On the other hand, if we assume that the UE is in EMM-DEREGISTERED after mobility to E‑UTRAN@EPC (or that it quickly falls back to that state), then it will also be in 5GMM-DEREGISTERED, and consequently it cannot have any PDU sessions active. I.e. there is nothing left to move from the 5G NAS to the 4G NAS, and thus no preservation of IP addresses. (Note that PDU session contexts associated with the non-3GPP access are not subject to mobility to EPC.)

Of course, one possibility would be to assume that the 2 state machines are in EMM-DEREGISTERED and 5GMM-REGISTERED, respectively, so that the UE can have PDU sessions active in its 5G NAS protocol stack and initiate an attach procedure in its 4G NAS protocol stack. But according to SA2's own definition this is only allowed for Dual-Registration mode.
This should not come as a surprise, as for the template for the new procedure, the "handover attach" from non-3GPP to 3GPP access specified for EPC, the UE will also handle the registration states for non-3GPP and 3GPP access as completely independent. So the UE is in a kind of Dual-Registration mode, although this term does not exist in 4G.
So the question is: is there a way to get out of the double bind?

1. The principle that a UE which is in DEREGISTERED on 5GMM/EMM/GMM level cannot have any PDU sessions, EPS bearer contexts or PDP contexts active is so fundamental to the protocol design in 3GPP, that in our view it should not be touched.

2. Would it then be possible to modify the 4G NAS protocol so that the attach procedure can be initiated in EMM-REGISTERED?
2.1 The problem with this approach is – as so often – not so much the straight-forward successful case, but all the unsuccessful and abnormal cases. E.g. currently, whenever an attach procedure fails, the EMM-state will return to EMM-DEREGISTERED which means again that all EPS bearer contexts are deactivated locally. Such a behaviour  would in our view considerably harm the user experience so that in the long run such a solution would not be accepted by users and operators.
A probably more acceptable approach would be to modify the behaviour for the unsuccessful and abnormal cases in such a way that the EMM-state returns to EMM-REGISTERED at least for some of these cases. Such a change would not be a "cheap" in terms of specification and implementation efforts, as probably the change in the target state (EMM-REGISTERED instead of EMM-DEREGISTERED) would not remain the only change required in the attach procedure. (Note that in the latest version of TS 24.301 the complete description of the attach procedure is 29 pages; only the description of the TAU procedure is longer, with 39 pages.)

2.2 Next problem is: when the attach procedure failed, and the UE nevertheless returns to EMM-REGISTERED, EMM-IDLE where are the EPS bearer contexts?
(For comparison: if we consider the case when Single-Registration mode with N26 support is used, we can assume that inside the UE all PDU session contexts have been mapped to corresponding EPS bearer contexts upon detection of the inter-RAT change. Inside the core network the EPS bearer contexts are transferred from 5GC to EPC during the TAU procedure; contexts that cannot be transferred inside the core network are indicated to the UE via EPS bearer context synchronization.

If Dual-Registration mode is used, we can assume that inside the UE, the PDU session contexts remain 'on the 5GSM side' until they have been successfully transferred 'to the ESM side' via PDN connectivity procedure with request type = "handover". So inside the core network, PDU sessions are transferred from 5GC to EPC 'in synch' with the UE.) 
If Single-Registration mode without N26 support is used, then on the network side the PDU sessions are definitely still located on the 5GC. So it would be wrong to represent them as "activated" EPS bearer contexts on the UE side. – As a minimum we need some marking that they still need to be retrieved from the 5GC to the EPC. 

2.3 This 'state' in which the UE is not yet registered in the EPC and in reality it does not have any EPS bearer contexts in the EPC, although UE-internally the EMM-state is assumed as EMM-REGISTERED and the EPS bearer contexts are somehow "activated", but "yet to be transferred from 5GC to EPC", can last for quite some time, e.g. if the network rejected the attach request with an EMM back-off timer or if access is barred due to access barring.
2.4 Now let us assume that the attach procedure was successful and the first default EPS bearer context was successfully retrieved, but the UE had more than one PDU session active via 5GC. So it will attempt to send PDN Connectivity Requests with request type = "handover" also for these other PDU sessions. But there is no guarantee that this subsequent procedures can be successfully completed within short time. So the UE NAS could be in the middle of the action, with 1 or more EPS bearer contexts transferred to the EPC and 1 or more PDU sessions still on the 5GC when NAS is informed by AS that AS has performed cell (re-)selection back to NR@5GC.
So the UE will initiate another Registration procedure in NR, and may attempt to save some of its EPS bearer contexts and/or PDU sessions. Will it attempt to do so 

a) for the EPS bearer contexts already transferred to the EPC, or 

b) for the PDU sessions that remained in the 5GC (less likely, although by chance they might be available on the same AMF), or 

c) all of the above (even less likely, although most desirable), or 

d) none of the above (most likely)?
Examples for other procedures that could possibly interfere with the action of transferring all the PDU sessions from 5GC to EPC are, e.g., intra-LTE TAU during which the new MME indicates the active EPS bearer contexts (with the risk that the UE deactivates those EPS bearer contexts locally that have not yet been transferred from 5GC), MT CSFB call with redirection to 2G/3G, inter-RAT reselection to 2G/3G with subsequent RAU, etc. – All these may be rare events, but in principle it needs to be covered in the specification whether the UE is then allowed e.g. to locally deactivate certain PDU sessions, and for the network side it needs to be ensured that these resources are cleaned up as well. 
2.5 So in sum, a comprehensive solution in the 4G NAS would require considerable changes to an existing protocol specification – and implementation – for the UE side, with the risk to jeopardize the stability of specification and implementation also for UEs that do not intend to implement support of 5GC. We don't think that this was SA2's intention, and we also don't think that within Rel-15 time frame CT1 will have any time budget left for such a comprehensive task. 

Apart from that, in our view such an undertaking would result in a fully-fledged 3rd registration mode – "Single-Registration mode without N26 support" – besides the "Single-Registration mode with N26 support" and "Dual Registration mode". We do not think there is a real justification for this, taking into account that 

-
we see a big overlap on NAS level between the functionality needed to support "Single-Registration mode without N26 support" and the functionality needed to support "Dual-Registration mode", and 
-
we expect that any changes to TS 24.301 required to implement "Dual-Registration mode" can be accommodated more easily, as they do not require similarly fundamental changes to the EMM protocol.
3. Would it be possible to modify the definition of Single-Registration mode so that for the specific case of 'no N26 interface' the UE is allowed to violate the requirement of a single coordinated registration (state) for 5GC and EPC, and maybe to restrict the procedure to a handover-attach "light" where only one PDU session is transferred during the handover-attach and the remaining sessions, if any, are released locally?
3.1 Main problem with this approach is in our view that it obscures the concept of Single-Registration mode, as it would – at least temporarily – suspend the constitutive characteristics of SR mode. And as already pointed out above, in item 2.3, this temporary, 'exceptional' state can last for a long time period if the network rejects the attach request with an EMM back-off timer or if access is barred due to access barring.
3.2 Secondly, we see the risk that once a "light" solution has been specified, this will be considered as too restrictive in the long run. So there will be requests for a more comprehensive solution, providing a better user experience. In principle, that wish is understandable; but if we follow down that road, then we end up with the same consequences as described in item 2.5 above, only that instead of jeopardizing the stability of 4G NAS with a single blow, it will be worn off step-by-step.
3.3 Perhaps the question should rather be turned around: If a "light" solution were acceptable for Rel-15, wouldn't it be preferable to specify this "light" solution rather for Dual-Registration mode? In this way we would avoid that we start paving the way in a wrong direction. 

Note, however, that in our view also support of such a light solution should remain optional for the UE, as any support of Dual-Registration mode is today.
5
Analysis of the Handling of Mobility from EPC to 5GC

For the reverse direction, mobility from EPC to 5GC, the situation is in so far different as the protocol is yet to be specified by CT1. Furthermore, instead of separate procedures for attach and TAU as in 4G, the stage 2 (TS 23.501/23.502) is specifying a 'generic' registration procedure which can be used with different registration types:  'initial registration' (corresponding to "attach") and "mobility registration update/periodic registration update" (corresponding to "TAU"). 

Another difference to be noted is that according to stage 2 (TS 23.501) the UE will use registration type "mobility registration update" (corresponding to "TAU"), but the AMF proceeds "as if" the registration type is "initial registration":
<begin quote> 

5.17.2.3.2
Mobility for UEs in single-registration mode

When the UE supports single-registration mode and network supports interworking procedure without N26 interface:

…

-
For mobility from EPC to 5GC, the UE performs Registration of type "mobility registration update" in 5GC with 5G-GUTI mapped from EPS GUTI. The AMF determines that old node is an MME, but proceeds as if the Registration is of type "initial registration". The Registration Accept includes "Handover PDU Session Setup Support" indication to the UE. Based on this indication, the UE may subsequently either:

-
move all its PDN connections from EPC using the UE initiated PDU session establishment procedure with "Existing PDU Sessions" flag (TS 23.502 [3], clause 4.3.2.2.1), or
-
re-establish PDU sessions corresponding to the PDN connections that it had in EPS. IP address preservation is not provided in this case.
<end quote> 

So, at least on the UE side the inconsistency between definition of SR mode, 5GMM state REGISTERED and the procedure to be started is avoided. But this is achieved at the cost of additional complexity for the registration procedure with registration type "mobility registration update", because the UE will now need to apply different handling with regard to "session context synchronization" and subsequent session management actions:
-
If N26 is supported, then the UE can expect that upon successful completion of a registration all PDN connections have been transferred from EPC to 5GC. PDN connections that could not be transferred will be deactivated on each side (UE and core network) via "session context synchronization" during the registration procedure.
-
If N26 is not supported, then upon successful completion of the registration the work for 5GSM is just about to begin, because now the UE has to retrieve the PDN connections one by one from EPC to 5GC.

We note that this second 5GSM activity is essentially the same as the UE would need to perform if it uses Dual-Registration mode.

One could even ask whether for this case of EPC to 5GC mobility the use of Single-Registration mode provides any advantage compared to Dual-Registration mode concerning the provided functionality or the duration of the procedure.
6
Further Analysis of the Dual-Registration Mode in Stage 2

So far our discussion has been focused on the 4G/5G NAS protocol stack. A closer look at stage 2 shows, however, that there are also some aspects of DR mode which are relevant for AS:
<begin quote>

5.17.2.3.3
Mobility for UEs in dual-registration mode

To support mobility in dual-registration mode, the support of N26 interface between AMF in 5GC and MME in EPC is not required.

Editor's note:
It is FFS if dual-registration mode can be used for IMS voice.

For UE operating in dual-registration mode the following principles apply for PDU session transfer from 5GC to EPC:

-
UE operating in Dual Registration mode may register in EPC ahead of any PDU session transfer using the Attach procedure without establishing a PDN Connection in EPC if the EPC supports EPS Attach without PDN Connectivity as defined in TS 23.401 [26]. Support for EPS Attach without PDN Connectivity is mandatory for UE supporting dual-registration procedures.
NOTE 1:
Before attempting early registration in EPC the UE needs to check whether EPC supports EPS Attach without PDN Connectivity by reading the related SIB in the target cell.

-
…
-
If the UE has not registered with EPC ahead of the PDU session transfer, the UE can perform Attach in EPC with "handover" indication in the PDN Connection Request message (TS 23.401 [26], clause 5.3.2.1).

-
UE may selectively transfer certain PDU sessions to EPC, while keeping other PDU Sessions in 5GC.

-
UE may maintain the registration up to date in both 5GC and EPC by re-registering periodically in both systems. If the registration in either 5GC or EPC times out (e.g. upon mobile reachable timer expiry), the corresponding network starts an implicit detach timer.

NOTE 2:
Whether UE transfers some or all PDU sessions on the EPC side and whether it maintains the registration up to date in both EPC and 5GC can depend on UE capabilities that are implementation dependent. The information for determining which PDU sessions are transferred on EPC side and the triggers can be pre-configured in the UE and are not specified in this release of the specification.

<end quote>

So SA2 assumes that a UE in DR mode can operate in a sort of "Dual Radio" mode, where the UE can register to the EPC "ahead of time", while it still remains camped on an NR cell. 
(Note 1: This could be implemented e.g. by means of a second receiver which is listening on that RAT for which the UE currently does not have a signaling connection established.
Note 2:  There is an exchange of LSs ongoing between SA2 and RAN1, RAN2 and RAN4 on the various flavours of Dual Radio support (Dual Tx; Dual Rx / Single Tx) and the capabilities of the UE with a single Rx. With the present discussion paper we do not intend to anticipate anything regarding the outcome of that LS exchange. This means with the term "Dual Radio" we are referring to a certain 'enhanced' UE behaviour where the UE is able to camp on more than one cell at the same time – possibly in some 'time sharing' manner – or to camp on a cell and establish a signalling connection, e.g. in S1 mode, to an EPC connected to this cell while receiving broadcast and paging messages related to a 5GC connected to the same cell; but we do not intend to refer to or exclude any specific Tx/Rx hardware configuration.)
We note that the support of "ahead of time" registration is optional, but then in the next sentence support for EPS Attach without PDN Connectivity is declared mandatory for a UE supporting dual-registration procedures – even if the UE does not want to use "ahead of time" registration. – This seems to be an unnecessarily strong requirement, the condition should rather be "for a UE supporting 'ahead of time' dual-registration procedures".
In a later bullet, the UE is also allowed to maintain both registrations alive by moving back and forth between the 2 core networks in order to perform periodic TAU and registration updates. 
Maybe that these additional aspects or requirements on AS level were one of the reasons why SA2 wanted to have also a "Single-Registration mode without N26 support" specified. 

In our view, from NAS protocol point of view, instead of this "Single-Registration mode without N26 support" the UE behaviour for the case when N26 is not available should rather be modelled as a "Dual-Registration mode with Single Radio" with the following definition:
Definition: In "Dual-Registration mode with Single Radio" the UE keeps separate registration states for EPC and 5GC. It does not perform "ahead of time" registration, but initiates registration only after inter-system change from N1-mode to S1-mode or vice versa. During EPS attach, the UE moves the first PDU session from 5GC to EPC. (If UE and network support EPS attach without PDN connection, this is optional.) Subsequently the UE may attempt to retrieve further PDU sessions from 5GC to EPC. As a rule – but this may remain implementation dependent – it will attempt to retrieve all of them. And the UE does not perform periodic updates on the "inactive" RAT, i.e. on the network side the corresponding registration state will finally move to DEREGISTERED and any remaining session management resources will be released upon detach timer expiry.
Features like "ahead of time" registration and maintenance of dual REGISTERED state via periodic updates would then be supported by a UE in "Dual-Registration mode with Dual Radio".
7
Conclusion

In the previous sections we have shown that the current stage 2 requirements specifying a support of "Single-Registration mode without N26 support" are not in line with SA2's own definition of SR mode and fundamental principles of the 4G NAS protocol. 

According to our analysis, an attempt to implement "Single-Registration mode without N26 support" as currently defined in stage 2 in the NAS specification TS 24.301 will unnecessarily jeopardize both the stability of the 4G NAS and the time plan for the 5G work item in Rel-15. 
Taking this risk is in our view unnecessary, as we see a big overlap on NAS level between the functionality needed to support "Single-Registration mode without N26 support" and the functionality needed to support "Dual-Registration mode". So specifying a 3rd sort of registration mode should be avoided. We also expect that any changes required to implement "Dual-Registration mode" in TS 24.301 can be accommodated more easily, as they do not require similarly fundamental changes to the EMM protocol.
Even if the specification of a "Dual-Registration mode with Single Radio" is looking feasible, the implementation efforts will still be considerable. Therefore, support of this registration mode should be optional (like the support of DR mode is optional today in stage 2).
Proposal: 
It is proposed that CT1 sends an LS to SA2, informing them that due to the issues described in the conclusion above, CT1 will not implement the "Single-Registration mode without N26 support" as currently defined in stage 2. Instead, CT1 suggests to define a "Dual-Registration mode with Single Radio" (as outlined in section 6 above).
