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1
Introduction

This document reviews basic functions necessary to support Solution 18 as of TR 23.720 [1] and the endorsed SA2 baseline CR agreed at SA2#112 [2] for TS 23.401 [3] and continues discussions from last meeting [4].
2
Discussion

2.1
Basics

User Plane CIOT Optimisations eliminates the need for establishing a UE Context, i.e. establishing AS bearer contexts and AS security at every transition from ECM_IDLE to ECM_CONNECTED.
After the Attach and the Service Request procedures are performed at initial connection establishment, as long as a valid AS context is available in the UE AS layer, the UE initiates the Resume Connection procedure instead of the Service Request procedure.

At transition from ECM_CONNECTED to ECM_IDLE, the UE and the last serving eNB store AS information and the S1-MME UE-associated signalling connection is kept between the eNB and the MME.

The overall architecture is not changed. The E-UTRAN and EPC are still connected via S1-MME and S1-U. 

It is expected that the NB-CIoT user plane solution can be also implemented in non-NB-CIoT environment. 

It is further assumed that the Rel-13 feature DECOR is able to operate with this user plane solution, i.e. it should be possible if needed to reroute UEs that use the NB-CIoT user plane solution to dedicated CN nodes.

Observation 1 User Plane CIOT Optimisations avoid the execution of the Service Request procedure at every IDLE-CONNECTED state transition by keeping AS context information at the UE and the E-UTRAN.

Observation 2 The UE ECM and RRC state model is kept for the User Plane CIOT Optimisations.
Observation 3 No overall architecture change is necessary for the User Plane CIOT Optimisations.

Observation 4 Any system function should be able to interwork with the User Plane CIOT Optimisations, among them DÉCOR, eDRX and any MTC related features 

2.2
Functions to support the Suspend Connection procedure
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Figure 2.2-1: eNodeB initiated Suspend Connection procedure (as of ref. [2])

The eNodeB decides to suspend the RRC Connection and informs the MME accordingly (step 1).
The MME needs to release all eNB related information at the S-GW (steps 2 and 3), so that future DL data arriving at the S-GW are first buffered and cause paging the idle UE. When the EPC is ready for connection suspension, it informs the serving eNodeB (step 4) which triggers the RRC Connection Suspend procedure.

Observation 5 S1AP shall provide means to signal the request for the suspension of the connection to the MME including an acknowledgment from the MME upon which the RRC Connection is suspended.

When an RRC Connection is suspended, 

-
The UE is in EMM_IDLE (on NAS level) and RRC_IDLE (on AS level)

-
UE context data related to the UE-associated signalling connection and bearer context data is kept in eNB and the MME

-
No user data can be exchanged between the eNB and the S-GW

-
Typically, only the resume procedure will enable exchange of S1AP messages on the established but suspended UE-associated signalling connection. As can be seen further down, exceptions of S1AP procedures that can be triggered while the UE signalling connection is suspended are the following:

-
S1AP UE CONTEXT RELEASE COMMAND (in case a UE Context was established in another eNB and the MME releases the UE context in the “old” eNB).

-
S1AP UE CONTEXT RELEASE REQUEST (to allow the eNB to request the release of a UE Context; this may happen e.g. timer based or due to any other eNB internal reason).

-
S1AP INITIAL UE MESSAGE (for NAS MM signalling)
Observation 6 Typically, only a limited number of S1AP messages should be expected at eNB and MME side for a suspended UE-associated signalling connection (specification impact to be seen). 

Observation 7 Up to Rel-12, the existence of an S1-MME UE associated signalling connection and the related UE Context in the eNB where bound to the fact that the UE is in RRC/ECM_ACTIVE. With the User Plane CIOT Optimisations the existence of such elements may occur also if the UE is in in RRC/ECM_IDLE.

2.3
Functions to support the Resume Connection procedure
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Figure 2.2-1: UE initiated Resume Connection procedure (as of ref. [2])

The UE initiated Resume procedure foresees an RRC Connection establishment which is able to address an AS context in the E-UTRAN which has been previously established for the UE. Implementation of such a Resume function in RRC is up to RAN2.

On S1-MME, the eNB request the MME to resume S1-MME signalling and to activate the suspended bearer contexts.

We do not expect any specific protocol information to be included in the resume messages for the typical case and we should also avoid to “overload” resume messages with functions available in legacy procedures.

Observation 8 S1AP shall provide means to signal the request for the resumption of the connection to the MME including an acknowledgment from the MME. Typically, no specific protocol information is expected within such S1AP signalling.

If the UE initiated Resume Connection procedure was triggered by the network, a legacy S1AP Paging message is sent to the E-UTRAN. Any kind of paging optimisation, MTC related paging functions, DRX schemes are expected to interwork with the User Plane CIOT optimisations. No specification work is expected to be necessary.

Observation 9 For the network initiated resume case, legacy paging can be performed. No related specification work is expected, especially not for enabling interworking with means introduced recently (paging optimisation, eDRX, etc.) 

If the UE contacts an eNB that is not able to retrieve a UE Context that relates to the AS specific reference (“Resume ID”) and the UE Context cannot be retrieved from another eNB, the UE would need to perform a legacy NAS Service Request. S1AP should provide means for the MME to release the UE AS Context from the old eNB, probably with a special cause.

Observation 10 If the eNB cannot find the UE Context addressed by the AS reference provided by the UE to the eNB and the UE Context cannot be retrieved from another eNB the UE performs legacy Service Request/RRC Connection Setup. Normal UE Context Release may be performed by the MME towards the “old” eNB.

It should be possible to distinguish between MM related signalling (periodic TAU) that have only the purpose of updating the CN on UE location and MM related signalling that also need to resume UE bearers. This is to allow for a modular design where all needed information are included in the S1AP protocol messages and where inter-layer dependencies are minimised. Similarly, it would be advantageous to notify the RAN of a bearer and signalling connection suspension directly within messages transporting NAS. These mechanisms would speed up the process of suspending and resuming. Such notification can be enabled by means of existing protocol messages, such as the INITIAL UE MESSAGE and DOWNLINK NAS TRANSPORT.
Observation 11 It should be possible to indicate to the CN whether a resume procedure needs bearer activation or not. It should be possible to indicate to the RAN if a UE connection needs to be suspended as soon as possible. These indications may reuse existing procedures such as Initial UE Message and Downlink NAS Transport. 

3
Conclusion

This paper analyses the current solution captured in the endorsed SA2 CRs on User Plane CIOT Optimisations and provides observations that point at system requirements for the design of such solution. From the observations derived in the paper the following requirements can be derived::
R1: S1AP shall provide means to signal the request for the suspension of the connection to the MME including an acknowledgment from the MME upon which the RRC Connection is suspended.

R2: Typically, only a limited number of S1AP messages should be expected at eNB and MME side for a suspended UE-associated signalling connection (specification impact to be seen). 

R3: S1AP shall provide means to signal the request for the resumption of the connection to the MME including an acknowledgment from the MME. Typically, no specific protocol information is expected within such S1AP signalling.

R4: Any system function should be able to interwork with the User Plane CIOT Optimisations, among them DÉCOR, eDRX and any MTC related features 

R5: Up to Rel-12, the existence of an S1-MME UE associated signalling connection and the related UE Context in the eNB where bound to the fact that the UE is in RRC/ECM_ACTIVE. With the User Plane CIOT Optimisations the existence of such elements may occur also if the UE is in in RRC/ECM_IDLE.

R6: If the eNB cannot find the UE Context addressed by the AS reference provided by the UE to the eNB and the UE Context cannot be retrieved from another eNB the UE performs legacy Service Request/RRC Connection Setup. Normal UE Context Release may be performed by the MME towards the “old” eNB.

R7: It should be possible to indicate to the CN whether a resume procedure needs bearer activation or not. It should be possible to indicate to the RAN if a UE connection needs to be suspended as soon as possible. These indications may reuse existing procedures such as Initial UE Message and Downlink NAS Transport.
R8: For the network initiated resume case, legacy paging can be performed. No related specification work is expected, especially not for enabling interworking with means introduced recently (paging optimisation, eDRX, etc.) 

Proposal 1 It is proposed to acknowledge the identified requirements. 
Further details on how to fulfil the requirements are available in [5]
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