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1   Introduction
In paper [2] a list of requirements for the UP based NB IoT solution were outlined. These requirements map into essential functions needed by the UP based solution to work efficiently. Such list of requirements is as follows:
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. Tipically, 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.) 

In this paper the requirements above are considered as well as other possible elements of the UP based solution. The requirements are used to derive basic functionality blocks and how to specify them, which would then lead to focussed stage 2 and stage 3 work.
2   Main functional blocks and optimisation steps for the UP based solution
The UP based solution, namely the solution in section 6.18 of [1], is designed to reduce signalling during procedures of idle to active and active to idle transition and to enable faster allocation and de-allocation of bearer resources for a UE moving between Idle and Active states.

The main processes of the UP based solution are the UE Context Suspend and UE Context Resume.
UE Context Suspend and Resume Functionality

The UE Context Suspend function is based on RAN and CN behaviours according to which the AS context and bearer context for a UE that moves from Active to Idle are kept. Namely, the bearer resources allocated to EPS bearers established for the UE are removed and reused as well as all resources needed to maintain the UE context active, while the UE context defining UE configuration, bearer configuration and supporting interfaces configuration will be stored in the RAN and CN. The latter allows a faster and less signalling intensive transition from Idle to Active once the UE context and associated resources need to be resumed. 
There are currently no functions or procedures defined that enable such behaviour or indeed any similar one. In order to maintain the LTE design modular and to ensure that well defined existing functions and procedures do not need to be modified due to the introduction of a new feature such as NB IoT, new procedures need to be introduced for each of the UE Context Suspend and UE Context Resume processes as it was identified in R1 and R3 of section 1. These two procedures may be associated to a single function in charge of managing both UE suspend and UE resume events.

Proposal 1: It is proposed to introduce dedicated procedures and a dedicated function to define the UE Context Suspend and UE Context Resume processes
A second aspect that is crucial in the UP based solution is to ensure that a UE for which the context is foreseen to be suspended and resumed is served by an MME capable of such procedures. Two approaches can be envisaged for such MME selection. One can be based on explicit signalling of MME capabilities over the S1; the second can be based on OAM configuration at the eNB, self learning at the eNB via opportune error messages from non-supporting MMEs and reuse of NAS re-routing, aka DECOR.

The first approach of specifically signalling over S1 whether an MME supports the UE Context suspend/resume function breaks a principle so far respected, i.e. that MME functional capabilities are not signalled over S1. Indeed it has so far been assumed that there will be a certain level of network harmonisation according to which, if a function is deployed in a network, interconnecting nodes are assumed to support such function. Moreover, it would be non-scalable and very complex to signal all possible functionalities supported by an MME to an eNB.
On the contrary, eNBs may be configured with MMEs identities supporting the suspend/resume functionality. If an eNB attempts suspend/resume procedures with a non supporting MME an error message will be issued by the MME, which will allow the eNB to learn that the functionality is not supported and that the failed procedures should not be attempted with that MME in the future.

Further, as identified in R4 in section 1, the UP based solution shall be able to interoperate with all existing functions defined in Rel13. The use of the DECOR function enables re-routing of service requests to an opportune MME. Hence, an eNB supporting the UE Context Suspend/Resume should be able to use at the same time functions such as DECOR, e.g. if the eNB assigns a UE to a non supporting MME, the service request can be re-routed to a supporting MME.   

Proposal 2: It is proposed to address configuration at the eNB of MMEs supporting the UE Context Suspend/Resume function via the OAM and to rely on opportune error notifications and NAS rerouting functionalities to avoid connections to MMEs not supporting the suspend/resume functionality.
Admission control at UE Context Resume
Another aspect that has not been considered so far but that is crucial for the well functioning of the UE Context Suspend/Resume function is how to handle admission control of UE bearers at the time of resuming the signalling connection and UE bearers. Indeed, it is not ensured that the same bearers that were suspended can be resumed. Load conditions at the RAN or at the CN may imply that some bearers cannot be resumed and should be rather removed. Failure to do so implies that all suspended bearers will be resumed, with the risk that overall QoS (for potentially numerous bearers in the same access) is impacted due to lack of resources.

Proposal 3: it is proposed that admission control can be run at UE Context Resume and that some of the bearers to be resumed can be possibly removed
Indication of bearer activation at UE Context Resume
As it was identified in R7 of section 1, it would be more efficient and interoperable to indicate in the INITIAL UE MESSAGE whether the UE resume procedure is done purely for mobility management reason, i.e. pure TAU, or whether the resumption needs to be followed by bearer reactivation for data transmission. Indeed, to make the design modular it would be important that this information is passed at S1AP level. The S1AP is in fact the protocol where functions to establish and removing bearers are placed. It is important to keep all the information necessary to decide whether to establish or remove bearers during resume procedures within the S1AP. For this reason an indication of whether the INITIAL UE MESSAGE shall trigger bearer resume or not would be beneficial, in order to avoid inter layer dependency and to speed up resume of bearers. Similarly, an indication in the S1AP: Downlink NAS Transport message could be present in order to immediately notify the RAN of whether the UE’s bearers and signalling connection need to be suspended after a DL NAS message. This increases resource efficiency and reactiveness of the UP based solution.
Proposal 4: it is proposed to introduce an indicator in the INITIAL UE MESSAGE to flag whether resumption of data bearer is necessary. It is proposed to introduce an indicator in the Downlink NAS Transport message to indicate suspension of UE’s bearers and signalling connection from the CN.
Besides the above elements of the UP based solution there are other optimisations that would make the overall mechanism better interoperable. 

Indication of new UE Context establishment
This functional improvement is connected to R6 of section 1. The improvement consists of defining a new cause value that flags the event where a UE context is established in a new eNB while the UE context in the old eNB shall be removed. Indeed, there are so far no cause values highlighting this event which would be beneficial to flag for network observability reasons. The new cause value would also let the eNB understand that the removal of the UE context is not due to e.g. lack of resources at the eNB, or failure cases, but it is only due to establishment of a context in another eNB. This leads to an optimised eNB behaviour.

Proposal 5: it is proposed to introduce a new cause value at S1AP level indicating that the UE context has been established in another eNB   
Paging Optimisation
In R8 of section 1 it is clearly stated that legacy paging procedures can be adopted for the UP based solution. However, at the last RAN3 meeting proposals to optimise delivery of paging messages have been brought forward. These consisted in sending the Paging message on the resumed S1AP signalling connection in order to allow the eNB to detect the UE context for the paged UE immediately by means of the S1AP IDs that would be associated to the Paging message. While this optimisation may improve the eNB performance because it allows the eNB to have earlier access to the UE context, it is not necessarily needed for the solution to work and should not be considered as a showstopper for progressing on the solution specification. 

Proposal 6: It is proposed that RAN3 discusses whether Paging optimisation for the UP based solution is needed

3   Conclusion 
In this paper a list of functionalities that are needed to enable an effective design of the UP based solution for NB IoT have been presented. 
Each function is associated to a proposal that reflects in stage 2 and stage 3 changes. The list of proposals derived is below and it is proposed to agree to them:

Proposal 1: It is proposed to introduce dedicated procedures and a dedicated function to define the UE Context Suspend and UE Context Resume processes

Proposal 2: It is proposed to address configuration at the eNB of MMEs supporting the UE Context Suspend/Resume function via the OAM and to rely on opportune error notifications and NAS rerouting functionalities to avoid connections to MMEs not supporting the suspend/resume functionality.

Proposal 3: it is proposed that admission control can be run at UE Context Resume and that some of the bearers to be resumed can be possibly removed
Proposal 4: it is proposed to introduce an indicator in the INITIAL UE MESSAGE to flag whether resumption of data bearer is necessary. It is proposed to introduce an indicator in the Downlink NAS Transport message to indicate suspension of UE’s bearers and signalling connection from the CN.
Proposal 5: it is proposed to introduce a new cause value at S1AP level indicating that the UE context has been established in another eNB   
Proposal 6: It is proposed that RAN3 discusses whether Paging optimisation for the UP based solution is needed

Papers describing in further details the functionalities and changes proposed can be found in [3], [4], [5], [6]
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