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Introduction
In the context of C-IoT there are two kinds of PDN connections that may use the control Plane C-IoT EPS optimisation: PDN connections that are pinned to C-Plane and PDN connection that are not. The former type of PDN connections are all PDN connections to an SCEF.

For the PDN connections that are not pinned to C-Plane, a UE or the network may handle these as C-Plane or U-plane.

The problem exists also on how to manage a co-existence of C-plane and U plane PDN connections for the same UE.

This paper discusses both aspects and proposes a way forward.

Discussion

In this discussion we focus the discussion on UEs that need to handle connections that are not pinned to C- plane. UEs that handle Only C plane connections are therefore out of scope.
We also assume that the UE has indicated to the network it supports both C plane and U plane (whether U-plane optimisations or S1-U type of classic user plane behaviour) and the network also indicated acceptance of both (in the event the network accepted just one behaviour the way forward is clear).
There are several cases we need to address here: they are dependent on whether MO or MT data is involved, and on whether the UE is in RRC connected mode or in Idle mode.

PRECONDITION: UE is in ECM-IDLE mode

Mobile Originated case:

A. UE is not in suspended state
1) The UE needs to send only small amount of data, so it selects to use C-plane: this can be done by just establishing RRC connection and send UL data on the C-plane, with no service request.

2) The UE requires certain QoS or needs to send a significant volume of data: it initiates a User plane data transfer via service request 

B. the UE is in suspended state

1) Regardless of the connectivity needs, the UE shall execute a resume procedure.

Mobile Terminated case:

A. UE is not in suspended state
1) The UE responds to paging with a Service request. If the MME determines the DL data is not requiring handling via a data plane connection, then it will not send an Initial context set up message to the eNB
2) The UE responds to paging with a Service request. If the MME determines the DL data is requiring handling via a data plane connection, then it will send an Initial context set up message to the eNB. The EBIs of any connection handled via C-plane only are not included.

B. the UE is in suspended state

1) Regardless of the connectivity needs, the UE shall execute a resume procedure in response to a paging message.
PRECONDITION: UE is in ECM-CONNECTED mode

Mobile Originated case:

A. The UE is currently using C plane only
1) The UE needs to send only small amount of data, so it selects to use C-plane: this can be done by just sending UL data on the C-plane, with no service request.

2) The UE requires certain QoS or needs to send a significant volume of data: it initiates a User plane data transfer via Service Request. This causes the MME to establish user plane for all connections excluding those pinned to c-plane via an Initial UE context set up message. The MME also sends a Modify Bearer Request (or Modify Access Bearers Request) to the SGW to establish the S1-U bearer(s) and tear down the S11-U bearer(s).
B. The UE is currently using U plane (and possibly C plane for PDN connections pinned to C-Plane)
1) All PDN connections are using User plane except those pinned to C-plane until the UE enters idle mode (or suspended mode).
Mobile Terminated case:

A. The UE is currently using C plane only
1) The MME determines that the UE needs to continue using c plane: DL data is transferred using DL NAS transport.
2) The MME determines that the UE needs data transfer over U plane: the MME sends an initial context setup message to the eNB and the eNB riggers a RRC reconfiguration request. The UE at any time must be ready to receive the RRC reconfiguration request for the EBIs that are not pinned to the C-plane. The MME also sends a Modify Bearer Request (or Modify Access Bearers Request) to the SGW to establish the S1-U bearer(s) and tear down the S11-U bearer(s).
B. The UE is currently using U plane (and possibly C plane for PDN connections pinned to C-Plane)
1) All PDN connections are using User plane except those pinned to C-plane until the UE enters idle mode (or suspended mode).

Conclusion

The analysis above seems to indicate existing procedures are sufficient to handle the mix of U plane connections and PDN connections pinned to the C-Plane, and the switch of connections from C-plane to U-plane or vice-versa during the lifetime of PDN connections with PGW connectivity not pinned to C-plane. It is assumed that when a single U-plane connection is established, all the EBI not pinned to C-plane are moved to U-plane mode. One possible UE impact is that it has to be ready to receive DRB establishment at any time while in RRC connected mode even if it had not initiated a SR, in the case it was in C-plane operation only and the MME decided to switch all connections to U-plane based on some policy.
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