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1. Introduction 
Rel-13 and Rel-14 specifies APN Rate Control to dimension CIoT services to a certain number of messages per time unit. The same release also specifies Serving PLMN Rate Control to ensure the serving operator can protect its network from overload that could be the result from an excessive number of control plane NAS data PDUs. Especially if the home operator does not apply APN Rate Control, the Serving PLMN Rate Control protects the serving operator’s network.  
These are useful methods, but they cannot prevent bursts of uplink traffic of UEs operating within their Rate Control limits. Those bursts, when occurring from a large number of devices/sensors at almost the same time, could create a signalling storm. This can be the case, for example, with alarm systems at thunderstorms. When creating small data allowance plans, it is important that these low cost and therefore potentially very large number of devices do not overload the network. 
The diagram below shows how bursts from a device using small data allowance plan can be controlled and overload situations avoided. That is, the network does not have to be dimensioned for a peak load from these low cost and low revenue devices. 
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Figure: Example of rate control with and without control of the service gap
2. Technical analysis
The control of a service gap can together with APN Rate Control be used to support small data allowance plans. A service gap parameter can be used to determine the minimum allowed gap between two consecutive MO data transmissions. The APN Rate Control is used to set the number of allowed packets (messages) per given time unit. When service gap and APN Rate Control are used together, a small data allowance plan can be supported for a subscriber. Such a small data allowance plan would only have a minimum impact on peak load dimensioning of the network and could therefore be offered at a low cost. 
For full flexibility on assigning subscribers allowance plans, the APN Rate Control could optionally be stored in HSS. The service gap parameters can also be stored in HSS for the affected CIoT subscribers and enforced in the MME. When the UE attaches, the CN would pass the APN rate Control parameter and the minimum service gap to the UE, which would have to follow the given rate and service gap in its reporting. 
Assumption: service gap and rate control can be used to support small data allowance plans
The main contributor to overload for small data transmissions is signalling, that is, establishment and release of the RRC connection and the setup and release of the S1 connection. When a connection is already established, the cost of conveying one, two, three or a few packets does not differ that much. For that reason and given that different CIoT applications use different ways to communicate (e.g. unacknowledged‑request, request+ack, or request+response+confirm, or a UE polling a network server periodically for an unknown number of buffered DL messages, etc, etc) it seems reasonable that a service gap is defined between “connection occasions” rather than between single packets or between data PDUs. This would make a 3GPP network applying service gaps flexible and accommodating to many different types of applications. 

Applications that are used together with a small data allowance plans, needs to be robust to the limitation in number of “connection occasions”. Data that is attempted to be transmitted during a forbidden gap, should either be buffered, discarded or rejected. It probably depends on application which is best.  

Assumption: service gap is between connection occasions
For a successful deployment of small data allowance plans, it seems essential that the control is independent of if CP data or UP data is used. The Rel-13/Rel-14 APN Rate Control feature has lately been defined to be enforced per PDN connection. Since both CP data and UP data use PDN connections, the small data allowance plans could then be applied regardless if the UE uses CP data or UP data.     

Assumption: service gap should be applied to all data regardless if CP data or UP data is used
The above assumptions, that is, applying service gaps should be flexible to different ways applications communicate and that both CP and UP data should be included, leads to a conclusion that UE and MME should enforce the time gap between connection establishments (or connection resume). In a UE this seem to lead to a requirement that the UE can send any number of PDUs (within the APN Rate Control limit) as long as the RRC is in connected mode, but once released or suspended the UE should not establish or resume it again before the service gap time has elapsed. In an MME this seem to result in a corresponding requirement that the MME should not accept an S1 connection establishment (Initial UE) until the service gap time has elapsed since previous S1 release or UE Context Suspend. 

Assumption: service gap enforcement can be based on NAS back-off mechanisms

The dominating communication model among constrained devices is that the device initiates communication i.e. Mobile Originated (MO) data. In can be in form of CP data, UP data, or SMS. For introduction of small data allowance plans the key goal is therefore to control service gap for MO data. 

Less common is a Mobile Terminated (MT) communication model for constrained devices. Making MT less of a problem from an overload perspective is also the fact that an Application Server often contacts devices one by one or at least serializes (spreads in time) the MT requests to a large group of devices. However if it is deemed essential by SA2, it is believed that service gaps can be enforced in MME also for MT data using extended buffering in SGW and SCEF. 

Assumption: Service gap for MO data is most essential, and MT data can optionally also be supported

The  main SA2 work is envisaged to be a CR to TS 23.401 and TS 23.682. For SMS CT1 would need to update TS 23.040.
3. Proposal
Support small data allowance plans can together with APN Rate Control be used to support small data allowance plans.. Enforcement of service gaps can be based on NAS back-off functions in MME, which effectively keep control of MO data and keep signalling over radio down to a minimum. Optionally can also MT data be controlled based on extended buffering in SGW and SCEF. 
It is proposed to allocate meeting time to discuss the proposed Rel-15 enhancement. See also earlier proposed CRs in S2-171904 and S2-171905.[image: image2.jpg]Y
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