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1. Problem:
The current state model in TS 24.301 assumes that a UE in EMM state EMM-REGISTERED always has a PDN connection. This property is also taken into account by the EMM protocol explicitly or implicitly in a number of places. E.g. (explicitly) when the UE or the MME need to deactivate the last default EPS bearer context, they have to use the (EMM) detach procedure instead of a PDN disconnect procedure.

The new procedures currently being specified by SA2 for Cellular Internet of Things (CIoT) optimizations will allow the UE and the MME to perform an attach procedure without activating a PDN connection, if both UE and MME support the feature. This requires a number of adaptations in the specification, e.g. CT1 needs to decide whether:

- to modify the existing EMM state EMM-REGISTERED; 

- introduce a new EMM state; or 

- introduce a whole new state model for this purpose.
Note that a search for "EMM-REGISTERED" in the latest version of TS 24.301 gives 170 hits. So any change in the state model can affect quite many places in the specification text.
2. Analysis:

1) In our understanding, an attach without activating a PDN connection does not prevent the UE from activating such a PDN connection later or deactivating such a PDN connection, even if it is the last PDN connection existing. For this, the UE and MME will need to "memorize" whether initially attach without activation of a PDN connection was performed.
Furthermore, this information also needs to be available at the new MME, if the UE performs an inter-MME TAU. (If the UE performed attach without PDN connection and then established a PDN connection before the inter MME TAU, the new MME cannot deduce from the presence of the PDN connection whether the UE performed attach with activation of a PDN connection. This needs to be explicitly signalled.) The information could be transferred from old MME to new MME, or between UE and new MME. Our preference is to signal the information directly between UE and MME, because then we do not need to worry about situations where the old or the new MME does not understand the information, or where an SGSN might get involved at some point (even if at the moment there are no [or at least no clear] stage 2 requirements regarding support of inter-RAT change or regarding operation in a network providing inhomogeneous support of the feature).
2) More generally, if we signal this information also during the attach procedure (as the UE is doing during the TAU procedure), it would be possible for the UE and the MME to agree during the attach procedure that the UE can remain attached without any PDN connection established, even if the UE initially performs an attach with activation of a PDN connection. 
I.e. the UE and the MME could negotiate support of this new 'state' "EMM-REGISTERED without PDN connection" during the attach procedure and TAU procedure. Specifically, the UE could indicate support of the new feature in the Attach Request message in a new information element that is also carrying the other CIoT-related parameters (like support of CIoT control plane/user plane optimizations). And the MME could indicate its support of the new feature in Attach Accept (preferably also in a new information element carrying the CIoT-related parameters so that all the CIoT-related signalling information can be found in one place; otherwise, the EPS network feature support IE would also be a possible candidate).
The stage-2 contribution S2-160836 (SA2 Attach CR) now explicitly requires the UE to specify whether attach without PDN connectivity is supported as part of Preferred Network Behaviour indication and the same can be used for this purpose.

4.3.5.x
Preferred and Supported Network Behaviour

A UE includes in a Preferred Network Behaviour indication the Network Behaviour the UE can support and what it would prefer to use.

The Preferred Network Behaviour includes this information: 

· Whether Control Plane CIoT EPS optimisation is supported

· Whether User Plane CIoT EPS optimisation is supported

· Whether Control Plane CIoT EPS optimisation is preferred or  whether User Plane Plane CIoT EPS optimisation is preferred

· Whether  S1-U data transfer is supported

· Whether SMS transfer without Combined Attach is requested

· Whether Attach without PDN Connectivity is supported.

(Note that the eNB will also need to broadcast support of the new 'state' in the system information broadcast so that the UE can decide whether it is possible to initiate an attach procedure without piggy-backed PDN Connectivity Request. But this broadcast indication is 'only' indicating that the eNB is connected to at least one MME supporting the new feature. Normally, the eNB will see on RRC level that the UE wants a connection to an MME supporting CIoT features and will route the initial NAS message to the respective MME. Still it would be nice, to get an explicit indication/confirmation from the MME that it is supporting the new 'state'.)
3. Proposal:

In the previous section we have already referred to a new 'state', rather than to enhancing the existing one. In practice it will be a mixture of both. What we are proposing is the following:
3.1 Option 1:

EMM-REGISTERED is split into two "flavours", called EMM-REGISTERED-1 and EMM-REGISTERED-2. 
(We call it "flavour" instead of "substate", because the term "substate" is already used for the extensions "*.NORMAL-SERVICE", "*.ATTEMPTING-TO-UPDATE", etc.)
EMM-REGISTERED-1 is the same as the legacy state "EMM-REGISTERED" known from Rel-8 to Rel-12.
EMM-REGISTERED-2 is the new "registered" state where the UE has an EMM context in the MME, and where it has 0, 1 or more PDN connections established.  (EMM-REGISTERED-2 is more similar to GMM-REGISTERED, as it is independent of the number of EPS bearer contexts/PDP contexts activated.) 
The logic in the UE and in the MME is the following: 
When TS 24.301 specifies that the UE (or MME) enters "EMM-REGISTERED", the UE (or MME) enters:
- EMM-REGISTERED-2, if the support of EMM-REGISTERED-2 was successfully negotiated between 
  UE and MME; and

- EMM-REGISTERED-1, otherwise (assuming that the UE has at least 1 PDN connection established; else 
  the new state is EMM-DEREGISTERED).
This would apply to transitions from EMM-REGISTERED-INITIATED, EMM-SERVICE-REQUEST-INITIATED and EMM-TRACKING-AREA-UPDATING-INITIATED.

The figure 1 below shows a corresponding enhancement of the state diagram for the UE and figure 2 is the enhanced state diagram for the MME. The assumption is that it is sufficient to state the above rule once, and that it is then – except for a few exceptions – possible to leave the text in the many places where TS 24.301 is currently referring to EMM-REGISTERED untouched, i.e. CT1 should avoid replacing each occurrence of "EMM-REGISTERED" with "EMM-REGISTERED-1 or EMM-REGISTERED-2, respectively".

In some places it might also be necessary to clarify that a certain sub-clause or paragraph is applicable only when the use of EMM-REGISTERED-2 was successfully negotiated between the UE and the MME. This could be done by marking the title with "(EMM-REGISTERED-1 only)" or "(EMM-REGISTERED-2 only)" as done today with "(S1 mode only)", or by introducing the paragraph with "if the use of EMM-REGISTERED-2 was agreed" or a similar phrase.
A UE which entered EMM-REGISTERED-2 will usually remain in EMM-REGISTERED-2 and not change to EMM-REGISTERED-1, even if the UE establishes a PDN connection (its first PDN connection).

The only reason for the UE to change to EMM-REGISTERED-1 would be that the UE performs a TAU, and in the TAU Accept message the (new) MME indicates that it does not support EMM-REGISTERED-2. (Currently it is not clear whether there is/will be a stage 2 requirement for this. In any case it would be good to 'be prepared'.)

This would work also in the reverse direction: If the UE has a PDN connection established at the time when it performs an inter-MME change, and the new MME supports EMM-REGISTERED-2, then as a result of the TAU both the UE and the MME will enter EMM-REGISTERED-2 (instead of "-1").

If the UE does not have a PDP context activated at the time when it performs an inter-system change to an MME, a new MME supporting EMM-REGISTERED-2 could accept the TAU, and both UE and MME enter EMM-REGISTERED-2.
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Figure 1: EMM main states in the UE
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Figure 2: EMM main states in the MME
3.2 Option 2

The legacy EMM-REGISTERED is updated so that in the new EMM-REGISTERED state the UE has an EMM context in the MME, and where it has 0, 1 or more PDN connections established.

The figure 3 below shows a corresponding enhancement of the state diagram for the UE and figure 4 is the enhanced state diagram for the MME.
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Figure 3: EMM main states in the UE
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Figure 4: EMM main states in the MME
With this approach it becomes necessary to clarify that a certain sub-clause or paragraph is applicable only when attach without PDN connectivity is supported or not supported by the UE or MME. However this appears in only a few places in TS 24.301 and the condition can be inserted in appropriate places in the specification.

4. Evaluation:

· Option 2 results in maintenance of only a single state EMM-REGISTERED as before and avoids the complexity of introducing multiple flavours of a state in specification as compared to Option 1. 

· Option 2 results in changes in more places in TS 24.301 but the changes are not that significant. And once the changes are done it results in possibly a cleaner and easier to read/maintain specification.
5. Conclusion:

Option 2 in section 3.2 satisfies stage-2 requirements for CIoT and minimizes updates to stage-3 specifications in TS 24.301 and results in better readability and maintainability of specification. Please see the corresponding CR in C1-161055 regarding updates to stage-3 specifications.
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