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Editor's Note:
Document Updates (revision) record


(r1) The first intermediate revision added section 2.3 Example of test structure (X.Y.3), and, replaced TAU due to mobility with Periodic TAU in the TC titles.

(r2) The second intermediate revision Simplified the TC titles by replacing the detailed features based titles with User Case high level title and adding a TC scope listing the features which the TCs verifies. Furthermore, the example TPs for the CP TCs were updated to cover Periodic TAU and make the verification of RRC Connection failure when the UE is already in CONNECTED.

1
Introduction

The present document describes the findings and provides proposal for Protocol TCs for NB-IoT devices (UE in NB-S1) intended for verifying CIoT requirements as specified in TS 24.301. Among others the following areas are covered (some RRC requirements are envisaged without detailed review which are expected to be updated if needed):
EMM common procedures

Authentication procedure
NAS security mode command

Identification procedure

EMM specific procedures

Attach

Detach

TAU procedure

EMM connection management procedure

Service request

Paging

NAS security

EPS session management

EPS bearer setup

Editor's Note:
In Annex A, BASIC NB-IOT UE IMPLEMENTATION SCENARIOS are described and the proposals and assumptions provided in sections 2 and 3 are made with those scenarios in mind.

2
CIoT specific tests for NB-IoT devices (UE in NB-S1)
2.1
Assumptions
2.1.1
General

The CIoT for NB-IoT devices requirements specifications offer a large amount of requirements variations allowing for varieties of UE implementations. This represents a challenge to RAN5 and requires a good balance to be made between defining TCs which do not cater for variations in the UE's behaviour (normally such TCs are more easier to specify but they are applicable only to one type of UE implementation), and, TCs which do cater for variations in the UE's behaviour (normally such TCs are more complicated for implementation but they are applicable to multiple types of UE implementations) because the former approach will result in much larger number of TC than the latter.
Having in mind the possible variations of implementations of UEs in NB-S1 mode, it is proposed that the following distinct UE implementations are addressed with dedicated CIoT TCs:
-
UE supporting Control Plane CIoT Optimisation "SMS-only"

-
UE supporting Control Plane CIoT Optimisation and not supporting User Plane CIoT Optimisations

-
Supporting (i.e. requiring) EMM-REGISTERED without PDN connection
-
Supporting (i.e. requiring) EMM-REGISTERED with PDN connection

-
UE supporting Control Plane and User Plane CIoT Optimisations

-
Supporting (i.e. requiring) EMM-REGISTERED with PDN connection

With each of these TCs catering for other variations in the UE implementation e.g. "IP" and "Non-IP" PDNs. single or multi PDN connections, dedicated bearers, etc..

2.1.2
UE supporting Control Plane CIoT Optimisation "SMS-only"

An NB-IoT devices (UE in NB-S1 mode) will (Mandatory) support Control Plane CIoT Optimisation and may implement "SMS-only" service. For the provision of Control Plane CIoT Optimisation "SMS-only" service, support of PDN is not required.

Proposal:

To cater for the specifics of such an UE implementation it is proposed to specify a single "user case" test case:

(1)
Simulating scenario with EMM-REGISTERED without PDN connection, and, applicable (PICS required) to all UEs in NB-S1 mode which indicate 'SMS-only services'=Supported, and 'EMM-REGISTERED without PDN connection'=Supported, and, 'User Plane CIoT Optimisation'=Not Supported
2.1.3
UE supporting Control Plane CIoT Optimisation and not supporting User Plane CIoT Optimisations
An NB-IoT devices (UE in NB-S1 mode) will (Mandatory) support Control Plane CIoT Optimisation.

An UE in NB-S1 mode may (Optional) support EMM-REGISTERED without PDN connection. Although this is Optional, there may be UEs which cannot do attach with PDN (i.e. they require support for EMM-REGISTERED without PDN connection from the Network).
When PDNs are established an UE in NB-S1 mode may request PDN connection of type "Non-IP" or "IP"

-
For the "IP" PDN, the UE may optionally support Header compression for Control Plane C-IoT EPS optimisation.
-
UE support for multiple PDN connections is optional.

If the UE or the Network want to send SMS, they can still do this and they do not need a PDN for this.

Generally speaking there could UEs which do not support UP CIoT Optimisation but do support S1-UE

Proposal:

To cater for the above differences in the UE implementation it is proposed to specify two "user case" test cases:

(1)
Simulating scenario with EMM-REGISTERED without PDN connection, and, applicable (PICS required) to all UEs in NB-S1 mode which indicate 'SMS-only services'=Not Supported, and 'EMM-REGISTERED without PDN connection'=Supported, and, 'User Plane CIoT Optimisation'=Not Supported
(2)
Simulating scenario without EMM-REGISTERED without PDN connection, and, applicable (PICS required) to all UEs in NB-S1 mode which indicate 'SMS-only services'=Not Supported, and 'EMM-REGISTERED without PDN connection'=Not Supported, and, 'User Plane CIoT Optimisation'=Not Supported
With each of these test cases being able to handle all other possible variations of the UE implementation:

-
UE and the NWK utilising Control Plane CIoT Optimisation for user data transfer, and, SMS
-
The UE requesting PDN connection of type "Non-IP" or "IP"

-
For type "IP"

-
The UE supporting or not Header compression for Control Plane C-IoT EPS optimisation

-
The UE supporting or not multi-PDN connections (without or with dedicated EPS bearers if requested by the UE)
-
The UE supporting S1-U

2.1.3
UE supporting Control Plane and User Plane CIoT Optimisations
Editor's Note:
The CT1 requirements for scenario when a NB-IoT Devices supports both Control Plane and User Plane CIoT Optimisations are still not complete. The observations below are based on what is available at the moment (22-07-2016)

An UE in NB-S1 mode may (Optional) support User Plane CIoT. When User Plane CIoT is supported then implicitly the UE is supporting S1-U data transfer.

The S1-U data transfer is a "legacy" feature.

What the User Plane CIoT adds is the Suspend/Resume of the RRC connection (i.e. it enables support for transfer of user plane data without the need for using the Service Request procedure to establish Access Stratum (AS) context in the serving eNodeB and UE).
All the UE implementation options discussed in 2.1.2 apply to UEs supporting User Plane CIoT with the following additions

-
When User Plane CIoT is supported Suspend/Resume will be used also when sending data using Control Plane CIoT EPS Optimization.
-
At this moment of time the usage of 'EMM-REGISTERED without PDN connection' with User Plane CIoT Optimization is unclear - it does not seem feasible implementation because the whole purpose of UP CIoT is suspend/resume which does require PDN
Proposal:

To cater for the above differences in the UE implementation it is proposed to specify two "user case" test cases:

(1)
Simulating scenario without 'EMM-REGISTERED without PDN connection', and, applicable (PICS required) to all UEs in NB-S1 mode which indicate 'User Plane CIoT Optimisation'=Supported, and, 'SMS-only services'=Not Supported, and, 'EMM-REGISTERED without PDN connection'=Not Supported


And being able to handle all other possible variations of the UE implementation:

-
UE and the NWK utilising Control Plane CIoT Optimisation for user data transfer and SMS with suspended connection

-
UE and the NWK utilising User Plane CIoT Optimisation for user data transfer with suspended connection

-
The UE requesting PDN connection of type "Non-IP" or "IP"

-
For type "IP"

-
The UE supporting or not Header compression for Control Plane C-IoT EPS optimisation

-
The UE supporting or not multi-PDN connections (with dedicated EPS bearers)

(2)
If this is confirmed as viable "user case", Simulating scenario with 'EMM-REGISTERED without PDN connection', and, applicable (PICS required) to all UEs in NB-S1 mode which indicate 'User Plane CIoT Optimisation'=Supported, and, 'SMS-only services'=Not Supported, and, 'EMM-REGISTERED without PDN connection'=Supported 
2.2
TCs

Editor's Note 1:
Note that the TCs below contain also some RRC requirements. The possibility to add more RRC requirements should be investigated.
Editor's Note 2:
The TC titles can and should be shortened. They have been kept for the moment long to provide more details on the scope of the TCs.

Editor's Note 3:
Because the TCs scope spans over most of the TS 24.301, the Conformance references have been provided only as a general indication.

X.Y.1
Control Plane CIoT EPS optimisation for EPS services and "SMS only" and EMM-REGISTERED without PDN connection (NB-IoT-only Devices)

X.Y.1
Test Scope

The following features relevant to Control Plane CIoT EPS optimisation for EPS services and "SMS only" and EMM-REGISTERED without PDN connection are verified in the present TC:

-
PLMN selection based on CIoT EPS optimisations being supported (for attach)
-
Attach for Control Plane CIoT EPS optimisation for EPS services and "SMS only" including UE authentication and ciphering

-
UE and Network transmission of SMS messages in EMM-IDLE and EMM-CONNECTED
-
RRC Connection establishment and release
-
RRC connection failure in EMM-CONNECTED
-
Periodic Traffic Area Update
-
Detach upon switch-off
Conformance requirements: TS 24.301, sections 5.5.1, 5.4.2, 5.4.3, 5.6.2.4, 5.6.1.2.2, 5.6.1.4.2, 5.6.3, 5.5.3.2, 5.5.2

X.Y.1.2
Test Purpose (TP)
(1)

with { the UE in NB-S1 mode, and, supporting NB-S1 mode only, and, supporting "SMS only" and EMM-REGISTERED without PDN connection, and, in EMM-DEREGISTERED/RRC-IDLE }

ensure that {

  when { UE finds a cell which belongs to its HPLMN and which provides access by NB-IoT RAT, and, does not support EMM-REGISTERED without PDN connection }

    then { the UE does not establish RRC connection for the purpose of attaching to the Network with Control Plane CIoT EPS optimisation }

            }

(2)

with { the UE in NB-S1 mode, and, supporting NB-S1 mode only, and, supporting "SMS only" and EMM-REGISTERED without PDN connection, and, in EMM-DEREGISTERED/RRC-IDLE }

ensure that {

  when { UE finds a cell which belongs to its HPLMN and which provides access by NB-IoT RAT, and, supports EMM-REGISTERED without PDN connection }

    then { the UE establishes RRC connection for the purpose of attaching to the Network with Control Plane CIoT EPS optimisation indicating that it supports Attach without PDN connectivity procedure }

            }

(3)

with { the UE in NB-S1 mode, and, supporting NB-S1 mode only, and, supporting "SMS only" and EMM-REGISTERED without PDN connection, and, in EMM-DEREGISTERED/RRC-CONNECTED }

ensure that {

  when { the UE has established RRC connection for the purpose of attaching to the Network with Control Plane CIoT EPS optimisation indicating that it supports Attach without PDN connectivity procedure }

    then { the UE attaches to the Network with Control Plane CIoT EPS optimisation only (if the UE has indicated support for User Plane CIoT in the ATTACH REQUEST message then the Network indicates in the ATTACH ACCEPT message Additional update result IE 'control plane CIoT EPS optimization accepted' and 'user plane EPS optimization not accepted') for EPS services and "SMS only", and, EMM-REGISTERED without PDN connection (i.e. the UE does not request PDN connection with the attach procedure), and, after the RRC connection is released the UE enters EMM-REGISTERED without PDN connection }

            }

(4)

with { the UE in NB-S1 mode, and, supporting NB-S1 mode only, and, in EMM-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and "SMS only" and EMM-REGISTERED without PDN connection }

ensure that {

  when { UE has SMS messages to send }

    then { the UE initiates a Service request procedure for EPS services with Control Plane CIoT EPS optimization by sending a CONTROL PLANE SERVICE REQUEST message indicating "mobile terminating request" and including the first SMS message encapsulated it the NAS message container IE, and, every subsequent SMS message included in a UPLINK NAS TRANSPORT message sent as part of a UE initiated transport of NAS messages procedure }

            }

(5)

with { the UE in NB-S1 mode, and, supporting NB-S1 mode only, and, in EMM-ACTIVE after attaching with Control Plane CIoT EPS optimisation for EPS services and "SMS only" and EMM-REGISTERED without PDN connection }

ensure that {

  when { UE has SMS messages to send and there is RRC connection failure }

    then { the UE initiates a Service request procedure for EPS services with Control Plane CIoT EPS optimization by sending a CONTROL PLANE SERVICE REQUEST message indicating "mobile terminating request" and including the first SMS message encapsulated it the NAS message container IE, and, after the RRC connection is released enters EMM-REGISTERED without PDN connection }

            }

(6)

with { the UE in NB-S1 mode, and, supporting NB-S1 mode only, and, in EMM-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and "SMS only" and EMM-REGISTERED without PDN connection }

ensure that {

  when { the Network has SMS messages to send, and, has executed a Paging for SMS procedure }

    then { the UE initiates a Service request procedure for EPS services with Control Plane CIoT EPS optimization by sending a CONTROL PLANE SERVICE REQUEST message indicating "mobile terminating request" (the UE may but need not to have also SMS to send), and, is able to receive the SMSs sent via a number of DOWNLINK NAS TRANSPORT messages sent as part of a Network initiated transport of NAS messages procedure, and, after the RRC connection is released enters EMM-REGISTERED without PDN connection }

}

(7)

with { the UE in NB-S1 mode, and, supporting NB-S1 mode only, and, in EMM-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and "SMS only" and EMM-REGISTERED without PDN connection }

ensure that {

  when { the periodic TAU timer expires }

    then { the UE perform a periodic traffic are update procedure }

            }

(6)

with { the UE in NB-S1 mode, and, supporting NB-S1 mode only, and, in EMM-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and "SMS only" and EMM-REGISTERED without PDN connection }

ensure that {

  when { UE is switched off }

    then { the UE performs a detach procedure }

            }

X.Y.2
Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection (NB-IoT-only Devices)
X.Y.2.1
Test Scope

The following features relevant to Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection are verified in the present TC:

-
PLMN selection based on CIoT EPS optimisations being supported (for attach)

-
Attach for Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection including UE authentication and ciphering

-
PDN handling

-
IP and none-IP PDN

-
Header compression configuration negotiation (if requested by the UE)

-
Single or multi-PDN connections if requested by the UE (without or with dedicated EPS bearers if requested by the UE))

-
UE and Network transmission of user data via the control plane in EMM-IDLE and EMM-CONNECTED

-
UE and Network transmission of SMS via the control plane in EMM-IDLE and EMM-CONNECTED

-
RRC Connection establishment and release
-
RRC Connection failure in EMM-CONNECTED

-
Serving PLMN rate control, APN rate control and MTU parameter 

-
Periodic Traffic Area Update

-
Detach upon switch-off

Conformance requirements: TS 24.301, sections 5.5.1, 5.4.2, 5.4.3, 5.6.1.2.2, 5.6.1.4.2, 5.6.2, 5.6.3, 5.5.3.2, 5.5.2, 6.2, 6.2A, 6.3.8, 6.3.9, 6.4.1.3, 6.4, 6.5

X.Y.2.2
Test Purpose (TP)
(1)

with { the UE in NB-S1 mode, and, supporting EMM-REGISTERED without PDN connection, and, in EMM-DEREGISTERED/RRC-IDLE }

ensure that {

  when { UE finds a cell which belongs to its HPLMN and which provides access by NB-IoT RAT, and, does not support EMM-REGISTERED without PDN connection }

    then { the UE does not establish RRC connection for the purpose of attaching to the Network with Control Plane CIoT EPS optimisation }

            }

(2)

with { the UE in NB-S1 mode, and, supporting EMM-REGISTERED without PDN connection, and, in EMM-DEREGISTERED/RRC-IDLE }

ensure that {

  when { UE finds a cell which belongs to its HPLMN and which provides access by NB-IoT RAT, and, supports EMM-REGISTERED without PDN connection }

    then { the UE establishes RRC connection for the purpose of attaching to the PLMN with Control Plane CIoT EPS optimisation for EPS services indicating that it supports Attach without PDN connectivity procedure }

            }

(3)

with { the UE in NB-S1 mode, and, supporting EMM-REGISTERED without PDN connection, and, in EMM-DEREGISTERED/RRC-CONNECTED }

ensure that {

  when { the UE has established RRC connection for the purpose of attaching to the PLMN with Control Plane CIoT EPS optimisation for EPS services indicating that it supports Attach without PDN connectivity procedure }

    then { the UE attaches to the Network with Control Plane CIoT EPS optimisation only (if the UE has indicated support for User Plane CIoT in the ATTACH REQUEST message then the Network indicates in the ATTACH ACCEPT message Additional update result IE 'control plane CIoT EPS optimization accepted' and 'user plane EPS optimization not accepted') for EPS services, and, EMM-REGISTERED without PDN connection (i.e. the UE does not request PDN connection with the attach procedure), and, after the RRC connection is released the UE enters EMM-REGISTERED without PDN connection }

            }

(4)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection  }

ensure that {

  when { UE has SMS messages to send }

    then { the UE initiates a Service request procedure for EPS services with Control Plane CIoT EPS optimization by sending a CONTROL PLANE SERVICE REQUEST message indicating "mobile terminating request" and including the first SMS message encapsulated it the NAS message container IE, and, every subsequent SMS message included in a UPLINK NAS TRANSPORT message sent as part of a UE initiated transport of NAS messages procedure, and, after the RRC connection is released enters EMM-REGISTERED without PDN connection }

}

(5)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection  }

ensure that {

  when { the Network has SMS messages to send, and, has executed a Paging for SMS procedure }

    then { the UE initiates a Service request procedure for EPS services with Control Plane CIoT EPS optimization by sending a CONTROL PLANE SERVICE REQUEST message indicating "mobile terminating request" (the UE may but need not to have also SMS to send), and, is able to receive the SMSs sent via a number of DOWNLINK NAS TRANSPORT messages sent as part of a Network initiated transport of NAS messages procedure, and, after the RRC connection is released enters EMM-REGISTERED without PDN connection }

}

(6)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection }

ensure that {

  when { UE has user data to send via the control plane }

    then { the UE initiates a Service request procedure for EPS services with Control Plane CIoT EPS optimization including a UE requested PDN connectivity procedure (PDN type IP or non-IP) during which the Network informs the UE for local serving PLMN rate control, and, if "non-IP" PDN was requested the Network provides non-IP Link MTU parameter or when appropriate IPv4 Link MTU parameter in the protocol configuration options IE, and optionally, if PDN type IP was requested the UE may perform Header compression configuration negotiation, and/or initiate multiple PDN connections establishment, and/or, initiate a UE requested bearer resource allocation procedure, and, after the PDN connection is established the UE initiates a UE initiated transport of user data via the control plane procedure (rules for ciphering of the initial NAS message apply) by sending the ESM DATA TRANSPORT message including the user data }

            }

(7)

with { the UE in NB-S1 mode, and, in EMM-ACTIVE/RRC-ACTIVE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection }

ensure that {

  when { UE has user data to send via the control plane and there is a connection failure }

    then { the UE initiates a new Service request procedure for EPS services with Control Plane CIoT EPS optimization and transmits the user data via the control plane procedure, and, after successful completion of user data transfer the UE initiates an EPS bearer context deactivation procedure (the Networks waits for UE requested bearer resource modification procedure or UE requested PDN disconnect procedure, and, if none if these comes then the Network performs EPS bearer context deactivation procedure initiated by the network), and, after the RRC connection is released the UE enters EMM-REGISTERED without PDN connection, and, while the UE performs Control Plane data transfer whenever this is needed, the UE obeys the local serving PLMN rate control and the maximum length of user data container that can be sent in the ESM DATA TRANSPORT message (set by the MTU parameter), and, the maximum number of uplink user data messages sent by the UE (set by the APN) }

            }

(8)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection }

ensure that {

  when { the Network has user data to send via the control plane, and, has executed a Paging for EPS services procedure }

    then { the UE initiates a Service request procedure for EPS services with Control Plane CIoT EPS optimization including a UE requested PDN connectivity procedure (PDN type IP or non-IP) during which the Network informs the UE for local serving PLMN rate control, and, if "non-IP" PDN was requested the Network provides non-IP Link MTU parameter or when appropriate IPv4 Link MTU parameter in the protocol configuration options IE, if PDN type IP was requested the UE may perform Header compression configuration negotiation, and/or initiate a UE requested bearer resource allocation procedure), and, after the PDN connection is established the UE is able to receive user data sent via a number of ESM DATA TRANSPORT messages sent as part of a Network initiated transport of user data via the control plane procedure, and, after successful completion of user data transfer followed by a Network initiated EPS bearer context deactivation procedure and RRC connection release the UE enters EMM-REGISTERED without PDN connection, }

            }

(9)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection }

ensure that {

  when { the periodic TAU timer expires }

    then { the UE perform a periodic traffic are update procedure }

            }

(10)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection }

ensure that {

  when { UE is switched off }

    then { the UE performs a detach procedure }

            }

X.Y.3
Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED with PDN connection (NB-IoT-only Devices)
Editor's Note:
The RRC procedures related to RB establishment are not explicitly written below. We should either add them to existing TPs or add new TPs where appropriate. The option that the UE does not support User Plane CIoT but still supports S1-U needs to be taken into account)

X.Y.2.1
Test Scope

The following features relevant to Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection are verified in the present TC:

-
PLMN selection based on CIoT EPS optimisations being supported (for attach)

-
Attach for Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED without PDN connection including UE authentication and ciphering

-
PDN handling

-
IP and none-IP PDN

-
Header compression configuration negotiation (if requested by the UE)

-
Single or multi-PDN connections if requested by the UE (without or with dedicated EPS bearers if requested by the UE))

-
RB establishment (SRB only or SRB&DRB if the UE supports S1-U))
-
UE and Network transmission of SMS via the control plane in EMM-IDLE and EMM-CONNECTED

-
UE and Network transmission of user data via the control plane in EMM-IDLE and EMM-CONNECTED

-
RRC Connection establishment and release

-
RRC Connection failure in EMM-CONNECTED

-
Serving PLMN rate control, APN rate control and MTU parameter 

-
Periodic Traffic Area Update

-
Detach upon switch-off

Conformance requirements: TS 24.301, sections 5.5.1, 5.4.2, 5.4.3, 5.6.1.2.2, 5.6.1.4.2, 5.6.2, 5.6.3, 5.5.3.2, 5.5.2, 6.2, 6.2A, 6.3.8, 6.3.9, 6.4.1.3, 6.4, 6.5

X.Y.2.2
Test Purpose (TP)
(1)

with { the UE in NB-S1 mode, and, not supporting EMM-REGISTERED without PDN connection, and, in EMM-DEREGISTERED/RRC-IDLE }

ensure that {

  when { UE finds a cell which belongs to its HPLMN and which provides access by NB-IoT RAT }

    then { the UE establishes RRC connection for the purpose of attaching to the PLMN with Control Plane CIoT EPS optimisation for EPS services }

            }

(2)

with { the UE in NB-S1 mode, and, not supporting EMM-REGISTERED without PDN connection, and, in EMM-DEREGISTERED/RRC-CONNECTED }

ensure that {

  when { the UE has established RRC connection for the purpose of attaching to the PLMN with Control Plane CIoT EPS optimisation for EPS services }

    then { the UE attaches to the Network with Control Plane CIoT EPS optimisation only (if the UE has indicated support for User Plane CIoT in the ATTACH REQUEST message then the Network indicates in the ATTACH ACCEPT message Additional update result IE 'control plane CIoT EPS optimization accepted' and 'user plane EPS optimization not accepted') for EPS services, including a UE requested PDN connectivity procedure (PDN type IP or non-IP) during which the Network informs the UE for local serving PLMN rate control, and, if "non-IP" PDN was requested the Network provides non-IP Link MTU parameter or when appropriate IPv4 Link MTU parameter in the protocol configuration options IE, and optionally, if PDN type IP was requested the UE may perform Header compression configuration negotiation, and/or initiate multiple PDN connections establishment, and/or, initiate a UE requested bearer resource allocation procedure, and/or, any resource allocation procedures that may be needed for S1-U if supported by the UE, and, after the RRC connection is released the UE enters EMM-REGISTERED with PDN connection }

            }

(3)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED with PDN connection }

ensure that {

  when { UE has user data to send via the control plane }

    then { the UE initiates a Service request procedure for EPS services with Control Plane CIoT EPS optimization incorporating ESM DATA TRANSPORT message carrying the user data in the CONTROL PLANE SERVICE REQUEST message (rules for ciphering of the initial NAS message apply) (if the ESM DATA TRANSPORT message includes a Release assistance indication IE inform the network that a downlink data transmission is expected, the Network sends a ESM DATA TRANSPORT message including downlink user data ), and, while in EMM-CONNECTED the UE has user data to send via the control plane the UE sends a standalone ESM DATA TRANSPORT message including the user data to be sent in the User data container IE, and, while the UE performs Control Plane data transfer whenever this is needed, the UE obeys the local serving PLMN rate control and the maximum length of user data container that can be sent in the ESM DATA TRANSPORT message (set by the MTU parameter), and, the maximum number of uplink user data messages sent by the UE (set by the APN) }

            }

(4)

with { the UE in NB-S1 mode, and, in EMM-CONNECTED/RRC-CONNECTED after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED with PDN connection }

ensure that {

  when { UE has user data to send via the control plane and there is a connection failure }

    then { the UE establishes a new RRC connection and continues with the data transmission, and, after the RRC connection is released the UE enters EMM-REGISTERED with PDN connection }

            }

(5)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED with PDN connection }

ensure that {

  when { the Network has user data to send via the control plane, and, has executed a Paging for EPS services procedure }

    then { the UE initiates a Service request procedure for EPS services with Control Plane CIoT EPS optimization, and, is able to receive user data sent via a number of ESM DATA TRANSPORT messages sent as part of a Network initiated transport of user data via the control plane procedure, and, after the RRC connection is released the UE enters EMM-REGISTERED with PDN connection }

            }

(6)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED with PDN connection }

ensure that {

  when { UE has SMS messages to send }

    then { the UE initiates a Service request procedure for EPS services with Control Plane CIoT EPS optimization by sending a CONTROL PLANE SERVICE REQUEST message indicating "mobile terminating request" and including the first SMS message encapsulated it the NAS message container IE, and, every subsequent SMS message included in a UPLINK NAS TRANSPORT message sent as part of a UE initiated transport of NAS messages procedure, and, after the RRC connection is released enters EMM-REGISTERED with PDN connection }

            }

(7)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED with PDN connection }

ensure that {

  when { the Network has SMS messages to send, and, has executed a Paging for SMS procedure }

    then { the UE initiates a Service request procedure for EPS services with Control Plane CIoT EPS optimization by sending a CONTROL PLANE SERVICE REQUEST message indicating "mobile terminating request" (the UE may but need not to have also SMS to send), and, is able to receive the SMSs sent via a number of DOWNLINK NAS TRANSPORT messages sent as part of a Network initiated transport of NAS messages procedure, and, after the RRC connection is released enters EMM-REGISTERED with PDN connection }

            }

(8)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED with PDN connection }

ensure that {

  when { the periodic TAU timer expires }

    then { the UE perform a periodic traffic are update procedure }

            }

(9)

with { the UE in NB-S1 mode, and, in EMM-IDLE/RRC-IDLE after attaching with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED with PDN connection }

ensure that {

  when { UE is switched off }

    then { the UE performs a detach procedure }

            }

X.Y.4
Attach with Control Plane and User Plane CIoT EPS optimisations for EPS services and EMM-REGISTERED with PDN connection / PDN handling (IP and none-IP PDN, Header compression configuration negotiation (if requested by the UE), multi-PDN connection with one of the PDN connections set to be used only for control plane CIoT EPS optimization, Dedicated bearers, Bearer context modification, RB establishment (maximum supported DRBs)) / UE and Network transmission of user data and SMS via the control plane and user data over the user plane in EMM-IDLE and EMM-CONNECTED / RRC connection Suspend/Resume including RRC connection resume fallback to RRC connection establishment / RRC connection reconfiguration / RRC connection re-establishment / Serving PLMN rate control, APN rate control and MTU parameter / Periodic Traffic Area Update / Detach upon switch-off

Editor's Note 1:
The CT1 requirements for scenario when a NB-IoT Devices supports both Control Plane and User Plane CIoT Optimisations are still incomplete. Therefore the TC title simply highlights requirements which are known at the moment (22-07-2016) and which are expected to be addressed by CT1. Due to the incomplete status, the TPs are left FFS at this moment of time.

Editor's Note 2:
Depending on the CT1 requirements, and, the variations in the RRC procedures related to RB establishment it maybe at the end feasible to split the TC into two TCs (decision should be taken when designing/specifying the TC and not beforehand)
Editor's Note 3:
When designing this TC, it is worth considering if it is possible to avoid including requirements/behaviour which can be tested in TC X.Y.3. Because a UE supporting UP Optimization can be forced to use only CP Optimization, we can then make both X.Y.4 and X.Y.3 applicable to UEs supporting UP Optimization and ensure that all requirements are tested.

Conformance requirements: TS 24.301, sections 5.5.1, 5.4.2, 5.4.3, 5.3.1.3, 5.6.1, 5.5.3.2, 5.5.2, 6.2, 6.2A, 6.3.8, 6.3.9, 6.4.1.3, 6.4, 6.5
(1)

with { the UE in NB-S1 mode, and, supporting User Plane CIoT EPS optimisation, and, not supporting EMM-REGISTERED without PDN connection, and, in EMM-DEREGISTERED/RRC-IDLE }

ensure that {

  when { UE finds a cell which belongs to its HPLMN and which provides access by NB-IoT RAT }

    then { the UE establishes RRC connection for the purpose of attaching to the PLMN with Control Plane CIoT EPS optimisation for EPS services indicating that it supports User Plane CIoT EPS optimisation }

            }

(2)

with { the UE in NB-S1 mode, and, supporting User Plane CIoT EPS optimisation, and, not supporting EMM-REGISTERED without PDN connection, and, in EMM-DEREGISTERED/RRC-CONNECTED }

ensure that {

  when { the UE has established RRC connection for the purpose of attaching to the PLMN with Control Plane and User Plane CIoT EPS optimizations for EPS services }

    then { the UE attaches to the Network indicating support for both Control Plane and User Plane CIoT EPS optimizations and which of the two is preferable and the Network indicating in the ATTACH ACCEPT message Additional update result IE 'control plane CIoT EPS optimization accepted' and 'user plane EPS optimization accepted') for EPS services, including a UE requested PDN connectivity procedure (PDN type IP or non-IP) during which the Network informs the UE for local serving PLMN rate control, and, if "non-IP" PDN was requested the Network provides non-IP Link MTU parameter or when appropriate IPv4 Link MTU parameter in the protocol configuration options IE, and optionally, if PDN type IP was requested the UE may perform Header compression configuration negotiation, and/or initiate multiple PDN connections establishment, and/or, initiate a UE requested bearer resource allocation procedure, and, ..... FFS }

            }

FFS
2.3
Example of test structure (X.Y.3)

Below an example of test structure (X.Y.3) is shown. Note that it purpose is simply to facilitate the discussion therefore it does not aim at providing all details and be accurate in the smaller details rather it is a very schematic high level description

The scope of the suggested TC is briefly indicated in the TC title below

X.Y.3
Attach with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED with PDN connection / PDN handling (IP and none-IP PDN, Header compression configuration negotiation (if requested by the UE), Single or multi-PDN connections if requested by the UE (without or with dedicated EPS bearers if requested by the UE), RB establishment (SRB only or SRB&DRB if the UE supports S1-U)) / UE and Network transmission of user data and SMS via the control plane in EMM-IDLE and EMM-CONNECTED / RRC Connection establishment, release and failure in EMM-CONNECTED / Serving PLMN rate control, APN rate control and MTU parameter / Periodic Traffic Area Update / Detach upon switch-off
How this scope will be represented in a test step sequence is provided below

	Row Nr
	Testing actions
	Comments 1
	Comments 2

	1
	Attach with Control Plane CIoT EPS optimisation for EPS services and EMM-REGISTERED with PDN connection / PDN handling (IP and none-IP PDN, Header compression configuration negotiation (if requested by the UE), Single or multi-PDN connections if requested by the UE (without or with dedicated EPS bearers if requested by the UE), RB establishment (SRB only or SRB&DRB if the UE supports S1-U)) 
	
	IF this TC is split in multiple separate TCs THEN this part will be repeated in every of these TC (in preamble or in test body)

	2
	When in EMM-IDLE request the UE to start data transmission using CP
	The result of this will be that UE goes in CONNECTED
	Rows 2-7 will test

UE ... transmission of user data ... via the control plane in EMM-IDLE and EMM-CONNECTED / RRC Connection establishment, release and failure in EMM-CONNECTED / Serving PLMN rate control, APN rate control and MTU parameter 

And 

Network transmission of user data ...  via the control plane in ... EMM-CONNECTED

	3
	When in EMM-CONNECTED request the UE to start data transmission using CP
	
	

	4
	Check PLMN rate control and the maximum length of user data container that can be sent in the ESM DATA TRANSPORT message (set by the MTU parameter), and, the maximum number of uplink user data messages sent by the UE (set by the APN) 
	
	

	5
	Simulate RRC Link Failure
	
	

	6
	Make the SS send data transmission using CP
	
	

	7
	Back to EMM IDLE
	
	

	8
	When in EMM-IDLE make the SS initiate data transmission using CP
	The result of this will be first PAGING and then when the UE responds there will be transmission
	Rows 8-9 will test

Network transmission of user data ...via the control plane in EMM-IDLE / RRC Connection establishment, release 

	9
	Back to EMM IDLE
	
	

	10
	When in EMM-IDLE request the UE to start SMS transmission using CP
	The result of this will be that UE goes in CONNECTED
	Rows 10-13 will test

UE transmission of ... SMS via the control plane in EMM-IDLE and EMM-CONNECTED 
And 

Network transmission of ... SMS via the control plane in ... EMM-CONNECTED

	11
	When in EMM-CONNECTED request the UE to start SMS transmission using CP
	
	

	12
	Make the SS send data transmission using CP
	
	

	13
	Back to EMM IDLE
	
	

	14
	Wait for Periodic TAU timer to expire and handle Periodic TAU and go back to IDLE
	
	Rows 14 will test

Periodic Traffic Area Update 

	15
	Switch off and test DETACH
	
	Rows 14 will test

Detach upon switch-off


3
"Legacy" tests applicable to NB-IoT devices (UE in NB-S1 mode)

3.1
General assumptions

The "legacy" LTE TCs listed in NB-IoT SIG Testcases_v0.30.xlsx as containing requirements possibly applicable to NB-IoT devices were reviewed.
A number of TCs are suggested as being not applicable. These were tagged with "Proposal: DO NOT USE THIS TC" and comment as why this is proposed is provided. The rows containing such TCs are without fill colour.
All the TCs which were considered applicable have been marked with fill colour grey. There are 2 types of such TCs:

1)
The TCs which were assessed as applicable and are covered in the proposed TCs in section 2 above (i.e. TC dedicated to CIoT NB-IoT requirements). These were tagged with "Proposal: DO NOT USE THIS TC" with the comment cell highlighted in orange fill colour.

1)
For the rest (i.e. TCs dedicated to "legacy" LTE requirements applicable to NB-IoT devices), combined TCs are proposed to include the requirements being tested in single TC with the main justification for combining being saving the preambles and the postambes.

-
An example: generally most, if not all, of the reject TCs have a preamble "the UE is previously registered on E-UTRAN", followed by simulation of the abnormal situation, followed by successful registration - by combining such TCs it is like running them in sequence but not repeating the preamble in between
-
Furthermore, because Detach always requires and existing attach, the dedicated detach TCs are combined with TCs which originally finished with the UE being attached.


The proposed new combined TCs are added as a new row after the TCs being replaced, highlighted in in green fill; the list with TCs the combined TC replaces is provided in the comment column


It is suggested that TCs

-
which do not test PDN relevant requirement, should be based on UE attach which handles NB-IoT CIoT UE supporting any CIoT Optimization and simulating NWK accepting what the UE supports with the exception of User Plane Optimization (this means that the cases for EMM-REGISTERED with and without PDN should be considers where applicable)
-
which do test PDN relevant requirements, should be applicable to and based on UE attach for Control plane CIoT Optimization and when the requirement does not apply to this case then to User plane CIoT Optimisation
In addition to the above for pairs of legacy TCs which test the same requirements in multi and single frequency requirements, it is suggested to use only the single frequency TC. Reasoning being: "Single" or "Multi" frequency band support is not relevant to CIoT Protocol testing, AND, the "Single" frequency case can be applied to all bands independent of the number of frequencies available in the band.
For detailed comment see the attached NB-IoT SIG Testcases_v0.30_Samsung.xlsx file.

3.2
Assumptions in regard to NB-IoT devices implementations variations

As discussed in section 2.1.1 (and the rest of the sub-sections of section 2) when specifying the NB-IoT TCs a special care need to be taken in regard to the NB-IoT devices implementations variations. Following the proposed in section 2.1.1 general NB-IoT device implementations the following is proposed for the implementation of the TCs which verify "legacy" requirements applicable to NB-IoT devices:

1)
TCs which do not test requirements related to PDN connection establishment (these are most of the TCs below with the exception of the TC in section EPS bearer setup) shall be designed so that they are


applicable to UEs
-
Supporting (i.e. requiring) EMM-REGISTERED without PDN connection

-
Supporting (i.e. requiring) EMM-REGISTERED with PDN connection (the NW should accept default PDN only)

with the NW

-
Not supporting User Plane CIoT Optimisation

-
Not supporting S1-U data transfer


As far as preambles are concerned one of the following options should be considered (and one of them agreed to be used wherever possible)
-
2 General states to be used for the preambles (for registered-IDLE and registered-CONNECTED) should be defined which cater for the UE implementations in regard to EMM-REGISTERED with/without PDN connection i.e. will do whatever the UE requests
-
The preambles description should then follow same way as with any other LTE TC

-
4 states to be used for the preambles (2 for registered-IDLE and 2 for registered-CONNECTED) should be defined which are applicable and hence will be run depending on the UE capabilities.

-
The preambles description should then use PICS based description like
IF pc_EMM-REGISTERED_without_PDN THEN UE in Registered-IDLE without PDN
IF NOT pc_EMM-REGISTERED_without_PDN THEN UE in Registered-IDLE with PDN

2)
TCs which test requirements related to PDN connection establishment (section EPS bearer setup) shall be designed so that they are


applicable to UEs

-
Supporting (i.e. requiring) EMM-REGISTERED with PDN connection

-
Requesting "IP" PDN


with the NW

-
Not supporting User Plane CIoT Optimisation
NOTE:
This is valid as long as these TCs are independent from the RRC connection being released or suspended - the UE behaviour for RRC connection suspended will be tested in the CIoT specific TCs for UE supporting User Plane CIoT e.g. X.Y.4 above.
-
Not supporting S1-U data transfer

3.3
TCs

Below a list with all combined TCs suggested in Testcases_v0.30_Samsung.xlsx is replicated. A total of 13 combined TCs verifying "legacy" requirements applicable to UEs in NB-S1 mode is proposed.
	C-IoT
	 
	 
	 
	 
	

	3
	EMM common procedures
	 
	 
	 
	 
	 

	 
	1
	Authentication procedure
	 
	 
	 
	 
	

	 
	 
	UE in NB-S1 mode supporting CIoT Optimizations and Network not supporting User Plane Optimization / Authentication not accepted by the network, GUTI used, authentication reject and re-authentication / Authentication not accepted by the UE, SQN failure /  Network failing the authentication check / Authentication not accepted by the UE, non-EPS authentication unacceptable
	R
	X.Z.1
	 
	 
	Incorporate the requirements tested by "legacy" TCs 9.1.2.3, 9.1.2.5, 9.1.2.6, 9.1.2.7

	 
	1
	NAS security mode command
	 
	 
	 
	 
	

	 
	 
	UE in NB-S1 mode supporting CIoT Optimizations and Network not supporting User Plane Optimization / NAS security mode command with  null ciphering algorithm accepted by the UE / NAS security mode command with not matching replayed security capabilities not accepted by the UE / NAS security mode command with EIA0 not accepted by the UE
	R
	X.Z.2
	 
	 
	Incorporate the requirements tested by "legacy" TCs 9.1.3.1, 9.1.3.2, 9.1.3.3

	 
	1
	Identification procedure
	 
	 
	 
	 
	 

	 
	 
	Identification procedure / IMEI / IMEISV requested / NW initiated detach Re-attach required / UE initiated detach Abnormal case Change of cell into a new tracking area / UE initiated detach Abnormal case Detach and EMM common procedure collision
	R
	X.Z.3
	
	 
	Incorporate the requirements tested by "legacy" TCs 9.1.4.2, 9.2.2.2.1, 9.2.2.1.9, 9.2.2.1.8

	4
	EMM specific procedures
	 
	 
	 
	 
	 

	 
	2
	Attach
	 
	 
	 
	 
	

	 
	 
	UE in NB-S1 mode supporting CIoT Optimizations / Attach Rejected IMSI invalid / Attach Success Last visited TAI, TAI list and equivalent PLMN list handling / Attach Rejected Illegal ME / Attach Success with IMSI, GUTI reallocation / Attach Rejected PLMN not allowed / Attach Success with ATTACH ACCEPT message without a list of equivalent PLMNs / Attach Rejected Tracking area not allowed / Attach Success Selected PLMN is neither the registered PLMN nor in the list of equivalent PLMNs / Attach Rejected Roaming not allowed in this tracking area
	R
	X.Z.4,
X.Z.5
	 
	 
	Incorporate the requirements tested by "legacy" TCs 9.2.1.1.9, 9.2.1.1.1b, 9.2.1.1.10, 9.2.1.1.2, 9.2.1.1.13a, 9.2.1.1.7a, 9.2.1.1.14, 9.2.1.1.1, 9.2.1.1.15.
Note: If a single TC becomes too long split the TC in 2

	 
	 
	UE in NB-S1 mode supporting CIoT Optimizations / Attach Abnormal cases / Failure due to non-integrity protection / Unsuccessful attach after 5 attempts / Repeated rejects for network failures / Change of cell into a new tracking area / Detach procedure collision / UE initiated detach USIM removed from the UE
	R
	X.Z.6
	 
	 
	Incorporate the requirements tested by "legacy" TCs 9.2.1.1.19, 9.2.1.1.22, 9.2.1.1.23, 9.2.1.1.24, 9.2.1.1.26, 9.2.2.1.2.

	 
	0
	Detach
	 
	 
	 
	 
	 

	 
	2
	TAU procedure
	 
	 
	 
	 
	 

	 
	 
	Periodic tracking area update Accepted / Normal tracking area update List of equivalent PLMNs in the TRACKING AREA UPDATE ACCEPT message / Normal tracking area update Rejected (IMSI invalid / Illegal ME / UE identity cannot be derived by the network / UE implicitly detached / PLMN not allowed / Tracking area not allowed / Roaming not allowed in this tracking area / Congestion) / UE initiated detach Abnormal case Change of cell into a new tracking area
	R
	X.Z.7
	 
	 
	Incorporate the requirements tested by "legacy" 9.2.3.1.5, 9.2.3.1.4, 9.2.3.1.10, 9.2.3.1.11, 9.2.3.1.13, 9.2.3.1.14, 9.2.3.1.15a, 9.2.3.1.16, 9.2.3.1.17, 9.2.3.1.20a, 9.2.2.1.9

	 
	 
	Normal tracking area update Abnormal case / Access barred / Success after several attempts due to no network response TA belongs to TAI list and status is UPDATED / TRACKING AREA UPDATE REJECT (various causes) / Change of cell into a new tracking area / Tracking area updating and detach procedure collision
	R
	X.Z.8
	 
	 
	Incorporate the requirements tested by "legacy" 9.2.3.1.22, 9.2.3.1.23, 9.2.3.1.26, 9.2.3.1.27, 9.2.3.1.28

	1
	EMM connection management procedure
	 
	 
	 
	 
	 

	 
	1
	Service request
	 
	 
	 
	 
	 

	 
	 
	UE in NB-S1 mode supporting CIoT Optimizations / Paging with not matching identity / Control Plane Service request Rejected ( IMSI invalid / Illegal ME / EPS services not allowed / UE identity cannot be derived by the network / UE implicitly detached) / UE initiated detach Abnormal case Local detach after 5 attempts due to no network response
	R
	X.Z.9
	 
	 
	Incorporate the requirements tested by "legacy" 9.3.2.1, 9.3.1.4, 9.3.1.5, 9.3.1.6, 9.3.1.7, 9.3.1.7a, 9.2.2.1.6

	 
	0
	Paging
	 
	 
	 
	 
	 

	3
	NAS security
	 
	 
	 
	 
	 

	 
	3
	NAS security
	 
	 
	 
	 
	

	 
	 
	UE in NB-S1 mode supporting CIoT Optimizations / Integrity protection Ciphering and deciphering / Correct functionality of EPS NAS integrity and encryption algorithm / SNOW3G
	R
	X.Z.10
	 
	 
	Incorporate the requirements tested by "legacy" 9.4.1, 9.4.3

	 
	 
	UE in NB-S1 mode supporting CIoT Optimizations / Integrity protection Ciphering and deciphering / Correct functionality of EPS NAS integrity and encryption algorithm / AES
	R
	X.Z.11
	 
	 
	Incorporate the requirements tested by "legacy" 9.4.2, 9.4.4

	 
	 
	UE in NB-S1 mode supporting CIoT Optimizations / Integrity protection Ciphering and deciphering / Correct functionality of EPS NAS integrity and encryption algorithm / ZUC
	R
	X.Z.12
	 
	 
	Incorporate the requirements tested by "legacy" 9.4.5, 9.4.6

	1
	EPS session management
	 
	 
	 
	 
	 

	 
	1
	EPS bearer setup
	 
	 
	 
	 
	

	 
	 
	UE requested bearer resource allocation error handling (Allocation not accepted by the network / Expiry of timer T3480 / BEARER RESOURCE ALLOCATION REJECT message including cause #43 "unknown EPS bearer context" / UE requested bearer resource modification error handling (Resource modification not accepted by the network / Cause #36 "regular deactivation" / BEARER RESOURCE MODIFICATION REJECT message including cause #43 "unknown EPS bearer context" / Collision of a UE requested bearer resource modification procedure and EPS bearer context deactivation procedure / Expiry of timer T3481)
	 
	X.Z.13
	 
	 
	Incorporate the requirements tested by "legacy" 10.6.1, 10.7.1, 10.7.2, 10.8.1, 10.8.2, 10.9.1


4
Request to RAN5

RAN5 is requested to review the present document and the attached Testcases_v0.30_Samsung.xlsx and decide on the suggested proposals.
Annex A: Basic NB-IoT UE implementation scenarios

The Basic NB-IoT UE implementation scenarios are used as the basis of suggesting TCs.

Editors' note:
Note that there maybe be various reasons as for why one or the other of the described below implementation is made - the reasons indicated below should be considered as an example only.

Implementation 1: SMS-only

UE is NB-IoT only. Because the expected user data that needs to be exchanged is small (i.e. short bursts), the Device does not provide anything but the SMS service for delivery/reception of the user data. Because the SMS service with Control Plane CIoT Optimisation may be provided without PDN being established, the Device implementation does not provide PDN establishment at all.

Based on the above this NB-IoT UE will

· Attach for "SMS-only" and only to MME (NW) which supports 'EMM-REGISTERED without PDN'

· When the UE has SMS messages to send

· The UE initiates a Service request procedure by sending a CONTROL PLANE SERVICE REQUEST message including the first SMS message encapsulated it the NAS message container IE, and, 

· While in CONNECTED if there are more SMS pending the UE will send every subsequent SMS message included in a UPLINK NAS TRANSPORT message sent as part of a UE initiated transport of NAS messages procedure

· When the Network has SMS messages to send then

· The NW will execute a Paging for SMS procedure.

· The UE will initiate a Service request procedure by sending a CONTROL PLANE SERVICE REQUEST

· While in CONNECTED, the NW will send the pending SMSs sent via a number of DOWNLINK NAS TRANSPORT messages sent as part of a Network initiated transport of NAS messages procedure

Implementation 2A: Standard Control Plane CIoT only (User Plane CIoT not supported) with 'EMM-REGISTERED without PDN'

UE is NB-IoT. The difference in user requirements in comparison to Implementation 1 is that the amount of user data envisaged for transmission/reception for this devices is larger. However, the service does not require frequent communication between the UE and the "server", therefore 'EMM-REGISTERED without PDN' is preferable (no need to keep PDNs for long inactive periods).

Based on the above this NB-IoT UE will

· Attach for "standard" (i.e. not for "SMS-only") Control Plane CIoT and only to MME (NW) which supports 'EMM-REGISTERED without PDN'

· When the UE has user data to send

· The UE initiates a Service request procedure during which the UE will execute a UE requested PDN connectivity procedure (PDN type IP or non-IP)

· While in CONNECTED (i.e. after the PDN connection is established) the UE will initiate a UE initiated transport of user data via the control plane procedure by including the user data in one or more ESM DATA TRANSPORT messages

· The ESM DATA TRANSPORT message may include a Release assistance indication IE inform the network that a downlink data transmission is expected

· After all pending user data is transmitted and all, if any, expected data is received then the UE will deactivate the PDN involved (because the UE intends to go into a long inactive phase)

· When the Network has user data to send then

· The NW will execute a Paging for EPS services procedure

· The UE will initiate a Service request procedure during which the UE will execute a UE requested PDN connectivity procedure (PDN type IP or non-IP)

· While in CONNECTED (i.e. after the PDN connection is established) the NW will send the pending user data via a number of ESM DATA TRANSPORT messages sent as part of a Network initiated transport of user data via the control plane procedure.

· After some time when the UE determines that all expected data is received, the UE will deactivate the PDN involved (because the UE intends to go into a long inactive phase)

· The UE and the NWK may also have SMS to send. If this is the case then

· The same behaviour will be exercised as in Implementation 1

Implementation 2B: Standard Control Plane CIoT only (User Plane CIoT not supported but S1-U maybe supported) with 'EMM-REGISTERED with PDN'

UE is NB-IoT. The difference in user requirements in comparison to Implementation 2A is that the service requires frequent communication between the UE and the "server" and therefore 'EMM-REGISTERED with PDN' is preferable (better to establish the PDNs once instead of doing it during every transmission/reception).

Based on the above this NB-IoT UE will

· Attach for "standard" (i.e. not for "SMS-only") Control Plane CIoT to any NB-IoT NW. During the attach

· The UE will not indicate that it supports 'EMM-REGISTERED without PDN'

· The UE will requested PDN connectivity (PDN type IP or non-IP)

· When the UE has user data to send

· The UE initiates a Service request procedure by sending a CONTROL PLANE SERVICE REQUEST message incorporating ESM DATA TRANSPORT message carrying the user data

· While in CONNECTED if the UE has more user data to send it will send a standalone ESM DATA TRANSPORT message including the user data

· Each of the ESM DATA TRANSPORT message may include a Release assistance indication IE inform the network that a downlink data transmission is expected

· After all pending user data is transmitted/received the NW will release the connection

· When the Network has user data to send then

· The NW will execute a Paging for EPS services procedure

· The UE will initiate a Service request procedure

· While in CONNECTED the NW will send the pending user data via a number of ESM DATA TRANSPORT messages sent as part of a Network initiated transport of user data via the control plane procedure.

· After all pending user data is transmitted/received the NW will release the connection

· The UE and the NWK may also have SMS to send. If this is the case then

· The same behaviour will be exercised as in Implementation 1

Implementation 3A: Control Plane CIoT and User Plane CIoT with 'EMM-REGISTERED without PDN'

Although this is theoretically possible, it is very unlikely  - 'EMM-REGISTERED without PDN' and 'Connection suspend/resume' do not pass together because 'Connection suspend/resume' makes sense only when we have PDN(s).

Implementation 3B: Control Plane CIoT and User Plane CIoT with 'EMM-REGISTERED with PDN'

UE is NB-IoT. The difference in user requirements in comparison to Implementation 2B is that the service requires in addition the transmission of large amount of user data (e.g. for configuration purposes, SW update, etc.).

Based on the above this NB-IoT UE will

· Do very similar to what the UE does in Implementation 2B

· With the exception that

· S1-U (DRBs) will be (as opposite to may be) supported

· RRC suspend/resume will be used instead of release/establishment (of course this does not exclude the usage of release/establishment)
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