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Abstract: This contribution proposes to discuss and clarify the general requirement - the system shall provide mechanisms to efficiently maintain connectivity for a large number of MTC Devices.
1. Introduction

1.1 Requirements from SA1

The requirement: 
“The system shall provide mechanisms to efficiently maintain connectivity for a large number of MTC Devices.”

has been selected as one of the ‘High Priority’ features to be implemented in Rel-11.
However, it is unclear what this requirement implies and this contribution tries to analyze the necessity of this requirement.

1.2 Background of this Requirement in SA1
At the SA1#43 meeting, a new requirement category on “High availability” for MTC devices was added to TS22.368v0.2.0 (see S1-084322). The description for this new ‘high availability’ requirement is as below:

“This category will introduce improvements in the network to enable MTC for applications that need high   availability in their connection. In these kinds of applications the network connection must be available most of the time since transmission of data is usually linked to emergency events. Furthermore, these applications require testing the connection status frequently to detect possible errors in communication.”
Considering that a large number of MTC devices could be in “always on” status, at the SA1#47 meeting, a new requirement related to “High availability” category was added in the general requirements section in TS22.368v1.0.0 (see S1-093441). The new requirement states:

“It shall be possible to efficiently maintain connectivity for a large number of MTC Devices.” 
The reason for the addition this new requirement was justified as below:

A potentially useful feature of certain MTC applications is the “always on” nature of the connection. We labelled this as “persistent connectivity” within this contribution.

However, existing 3GPP systems have been dimensioned to a certain degree with human users in mind. Therefore, maintaining the connectivity for a large number of devices may become challenging from several points of view.
At the SA1#48 meeting, the category “High availability” and the related use case was removed from TS22.368 (see S1-094087). The general requirement related to ‘efficiently maintain connectivity for a large number of MTC devices’ was retained in TS22.368 though. The reason cited for this change is as below:

Certain M2M applications as surveillance system depend on a high availability of the system function. Often those applications provide for back-up transmission means, e.g. wired or alternative radio links, for back-up powering etc. Mobile networks in general are highly available, 99,xx %. To expect dedicated network functionality to raise the overall availability of the mobile network for certain applications beyond the current rate is unlikely to happen and from a commercial point of view not viable.

In so far, additional measures to provide for high availability are most likely implicit to the application system and outside the scope of this specification. It is proposed to remove this paragraph.

This paper clarifies the requirements related to ‘efficiently maintaining connectivity for a large number of MTC Devices’ that has been specified in the general requirements category in TS22.368.

2. Discussions

As a general requirement, this requirement can be considered from the following three parts:
A. efficiently;
B. maintain connectivity;

C. a large number
All the three parts are more ambiguous and up to interpretation.  How large is "large", e.g. 10x or 100x more than current number of subscribers? What is "efficient"?  How do we measure "efficient"? What does "connectivity" mean?
Discussion1: 
As for "a large number" part, the order of magnitude of the MTC Devices compared to human-to-human communications needs to be taken into account because it relates to the data model establishment and network performance evaluation (e.g. signalling resources, memory for context storage, CPU cycles) for RAN as well as CN. In addition, if such a large number of MTC Devices are distributed equally across 3GPP networks, no significant problems or impacts occur. However, if such a large number of MTC Devices are concentrated at a specific radio node or core network node, the resource and process capability of this network node may meet high challenge and system load, e.g. the radio resource of a base station, the storage capability of an MME, etc.

Question1: SA1 is asked to consider the impact and optimizations for the case when a large number of MTC Devices are under a specific network node make more sense. In addition, due to the different load and capability measurements between RAN and CN, it is also suggested to consider such optimization for RAN and CN sides separately. 
Discussion2:

We can consider below two scenarios for this general requirement:
Scenario One: MTC applications used in normal cases
Most of MTC applications are used in normal cases (i.e. non-emergency cases), e.g. smart metering, e-health, etc. MTC Devices used in these MTC applications release their connections with the network when no data transmission occurs and retrieve the network connection to communicate with the MTC Servers when data transmission is needed.
Scenario Two: MTC applications used in emergency cases
This emergency case is just what is mentioned in above "background" section. For such MTC devices both the uplink and the downlink communications require high connectivity, e.g. communication setup may not be delay tolerant. From this perspective, such MTC devices are considered with “higher priority” than normal MTC devices for access to the network and for the use of network resources. And the existing mobile networks, both RAN and CN, have already provided mechanisms to guarantee the resource pre-emption, connection re-establishment and maintenance. However such mechanisms may cause some system problems or high load when handling a large number of MTC Devices used in emergency cases.
Question2: SA1 is asked to confirm whether we still need to consider Scenario Two for this general requirement? If yes, SA1 is further asked to confirm whether above aspect needs to be considered when implementing this general requirement?
Discussion3:
In a general way, we can consider the part "connectivity" as "always on" and that:

1. in EPS, "attached and has a PDN connection";
2. In 3G, "attached with/without a PDP context". 
MTC applications like smart traffic, taxi management, etc, the MTC devices on the vehicles have to report, e.g. its location, every few seconds. The most frequent location report happens with the interval of 5 seconds, and periodicity of 10-15 seconds is a typical configuration (see the use case ‘fleet management’ of TR37.868 annex B.2). For applications like eHealth, in order to acquire the information on a patient’s health or fitness, especially for life threatening or otherwise critical measurements or events, the MTC Devices worn on the patient or monitored person need to detect and report these on a guaranteed time critical and ordered basis.
The signalling overhead of these frequent-transmission applications may lead to big pressure to the RAN access resource and CN process capability. So for the purpose to reduce the overhead, one possible way for the network is to let the MTC Devices maintain connected status, i.e. the radio connection is required to be kept all the time.

Considering the applications of not-so-frequent-transmission, e.g. smart metering, wireless POS etc, which may generate transmission every tens of minutes, the efficient way may be to let them maintain idle status, i.e. the radio connection can be released when there is no data transmission.

For the applications of infrequent-transmission, e.g. animal tracing, which may generate transmission every few hours or even days or months, the efficient way is to maintain the MTC Devices in detached status.

So in our consideration, the ‘connectivity’ includes 2 options:

· Maintain connected status, i.e. the radio connection is required to be kept all the time: when in large number situation, the radio resource (e.g. PUCCH and SRS) will meet congestion problems, and the Handover procedures may lead to more signalling pressure to CN.

· Maintain idle status, i.e. the radio connection can be released when there is no data transmission: when in large number situation, the signalling generated in RRC connection/release procedures may cause CN high load.

Both 2 options need to be optimized, e.g. in signalling reduction, control channel resource management, etc.
Additionally, in the existing 3GPP mechanism if either radio connection or core network connection is released in some normal cases, the UE is not required to re-establish the connection unless it has data to be transmitted. For MTC applications, is it essential for MTC Devices to be monitored in order that once their radio or core network connection is released due to normal and abnormal reasons, the re-establishment of the connection can be made immediately even the MTC Devices do not have any service request?
Question3: SA1 is asked to confirm that 'connectivity' refers to both 'idle' and 'connected' according to different MTC applications. If yes, besides the consideration of the impact and optimizations on the maintenance of both 'idle' and 'connected' status, SA1 is further asked to confirm whether providing a monitoring and re-establishment mechanism for the connectivity status of the MTC Device needs to be considered in this requirement. 
Discussion4:
As for "efficient" part, for Scenario One, we can consider the following aspects:
a. Such MTC applications usually need to deploy a large number of MTC Devices for which the network needs to maintain their contexts in the network if they are "always on". It could lead to extensive network resource consumption. 

b. And from radio network perspective, to deal with the cell measurement and reporting, the establishment, lost or tear-down of radio connections of a large number of MTC Devices also lays much pressure and challenge on radio networks. 

c. In addition, for the MTC Devices that are "always on", mobility events need to be handled by the network. To handle the mobility events for a large number of MTC Devices consequentially causes heavy load for both RAN and CN.
Question4: do we have any unified "efficient" measurements for all the MTC applications?

Discussion 5:

It is our opinion that for Scenario One, this general requirement of “the system shall provide mechanisms to efficiently maintain connectivity for a large number of MTC Devices” without clarification is actually encompassing the entire TS22.368.  That is to say, different parts of the TS22.368 are providing different mechanisms of helping the system to efficiently maintain connectivity for a large number of MTC devices, wherein each mechanism is tailored for different use cases and provides varying degrees of improving system efficiency in different aspects. For example, the MTC Devices with "Low Mobility" MTC Feature can be efficiently operated by reducing the mobility procedures while the MTC Devices with "Time Controlled" MTC Feature can be efficiently controlled to access the network at distributed time interval to avoid the network overload and congestion, etc.
For Scenario Two (assuming the answer to Question 1 is “yes”), this is similar to the emergency services or multimedia priority services (eMPS) of current human-to-human communication. Thus the existing mechanisms can be used as a reference and nothing new needs to be introduced. Otherwise we need to work out some MTC specific optimizations for such emergency related MTC applications. 
Question5: do we still need to have a standalone requirement here or which specific focus does this requirement have on the system optimizations?
3. Proposal

Given that this requirement has already been considered as a high priority one to be studied and has already been taken into account in the work items of other working groups, such as SA2, RAN, the CR S1-112077 tries to clarify this requirement according to what is discussed above.
