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Abstract of the contribution: This contribution discusses how to measure the rate of UE state transitions. Based on such measurements, actions can be performed to reduce the rate of UE state transitions, e.g. keep the UE in “long” connected mode. 
1. Discussion

Clause 5.1.2.3.1 of TR23.887 proposes to keep the UE in “long” connected mode to minimize the rate of UE state transitions. However it does not provide a solution on how to measure the rate of UE state transitions, and how frequent the UE state transitions need to be for the UE to be directed to stay in “long” connected mode.
This contribution discusses some methods for measuring the rate of UE state transitions and proposes that only when the frequency of UE state transitions goes over pre-defined thresholds, the procedure for keeping UE in “long” connected mode will be applied.

The following methods are possible for measuring the rate of UE state transitions:
1. Measured and reported by the UE: The UE keeps count of its state transitions, and reports the rate of its state transitions to the network when the rate of such state transitions crosses a pre-defined threshold. However, the rate of state transitions reported by the UE may not be considered trustable by the network.
2. Measured by eNodeB: The eNodeB monitors the RRC state transitions and calculates the rate of UE state transitions. When the rate of such state transitions crosses a pre-defined threshold, the eNodeB takes actions or reports to the MME. In order to support such functionality, the eNodeB stores some UE context when the UE enters RRC-IDLE state. One of the difficulties with this method could be that it will not be easy to track all UE state transitions if the UE moves frequently between different eNodeBs.

3. Measured by the MME: The MME monitors ECM state transitions and calculates the rate of UE state transitions. When the rate of such state transitions crosses a pre-defined threshold, the MME takes corresponding actions or notifies the eNodeB.

An example algorithm for calculating the rate of UE state transitions for use by the UE/eNodeB/MME will be to record the following parameters: (1) the start time for the monitoring of state transitions, and (2) the count of state transitions since the start time. Every time the state transitions, the count of state transitions is incremented by one. The “rate” of state transitions can be calculated based on the knowledge of the current time, the start time and the count of state transitions.
The method in (3) above (Measured by the MME) is more trustable and feasible. The additional functionality needed for measuring the rate of state transitions will not increase the load on the MME significantly by the use of a well defined algorithm. However, in order to allow further stage 3 evaluations, this contribution proposes to document all the three methods.
The consequence of detecting a high rate of UE state transitions may be to trigger the RAN/CN to change the access parameters for keeping the UE in “long” connected mode, e.g. extend RRC inactivity timer, as suggested in the solution in clause 5.1.2.3.1 of TR23.887.
Proposal
It is proposed to discuss the solution and approve it to TR23.887
************************************************BEGIN OF CHANGES**************************************************

5.1.2.3.1
Solution: Measure frequency of UE state transitions and Keep the UE in connected mode 

5.1.2.3.1.1
General

When multiple applications popularly used these days are running on the UE, the UE sends small data (e.g. keep alive messages) with a frequent and diverse traffic pattern. This causes frequent UE state transitions, which can result in  increased load on the network and higher consumption of UE battery power. Moreover, if the period sending the small data is not synchronized among the applications and/or number of applications running on the UE is high, the situation may become worse. 

Therefore, in order to reduce the frequency of UE state transitions, it is proposed to keep the UE in connected mode when a high rate of UE state transition is detected, meanwhile reducing the signalling overhead (e.g. by modifying the value of the parameters for measurement reporting and handover behavior) and UE power consumption (e.g. by applying DRX and adjusting the DRX cycle) resulting from the connected mode. 
Most of the data considered in frequent small data transmission require low data rate and delay tolerant, thus re-transmission by the transport layer is enough to serve the UE. Considering this aspect, the radio connection does not need to be managed strictly. For example, the frequency of the UE’s measurement reporting is reduced in order to save radio signalling overhead. In another aspect, if a HO procedure is performed before the Inactivity timer to release the RRC connection expires, there is no data to be handed over. Thus, data transfer procedure for HO is not required. 
Editor’s Note: How the network knows the traffic is delay tolerant is FFS.

Detect the frequency of UE state transition:
The following methods are considered for measuring the rate of UE state transitions:

1. Measured and reported by the UE: The UE keeps count of its state transitions, and reports the rate of its state transitions to the network when the rate of such state transitions crosses a pre-defined threshold. However, the rate of state transitions reported by the UE may not be considered trustable by the network.

2. Measured by eNodeB: The eNodeB monitors the RRC state transitions and calculates the rate of UE state transitions. When the rate of such UE state transitions crosses a pre-defined threshold, the eNodeB takes actions or reports to the MME. In order to support such functionality, the eNodeB stores some UE context when the UE enters RRC-IDLE state. One of the difficulties with this method could be that it will not be easy to track all UE state transitions if the UE moves frequently between different eNodeBs.

3. Measured by the MME: The MME monitors ECM state transitions and calculates the rate of UE state transitions. When the rate of such state transitions crosses a pre-defined threshold, the MME takes corresponding actions or notifies the eNodeB.
An example algorithm for calculating the rate of UE state transitions for use by the UE/eNodeB/MME will be to record the following parameters: (1) the start time for the monitoring of state transitions, and (2) the count of state transition since the start time. Every time the state transitions, the count of state transitions is incremented by one. The “rate” of state transitions can be calculated based on the knowledge of the current time, the start time and the count of state transitions. 
Keep the UE in “long” connected mode if a high rate UE state transitions is detected: 
One detecting a high rate of UE state transitions, actions can be performed to adjust the UE behaviour, e.g. by keeping the UE in connected mode is as follows:
-
eNB does not release the RRC connection by adjusting the User Inactivity timer e.g. the timer runs longer than for normal connected mode.

-
eNB configures the value of the parameters transferred to the UE e.g. measurement configuration different from normal connected mode. 

Connected mode with the above configuration is termed ‘long connected mode’. 



Editor’s Note: How to ensure the power consumption in the UE is not increased is FFS.
5.1.2.3.1.2
Impacts on existing nodes and functionality
Impacts on MME, if Method-3 is applied:

· Need to monitor the rate of UE state transitions;
· Need to notify the eNodeB if high rate of UE state transitions is detected;

Impacts on eNodeB:

· Need to monitor the rate of UE state transitions, if Method-2 is applied;

· Need to change radio parameters to keep the UE in “long” connected mode, if high rate of UE state transitions is detected or reported by another entity;

Impacts on UE, if Method-1 is applied:

· Need to monitor the rate of state transitions;

· Need to notify the network node(s) (e.g., eNodeB/MME) if high rate of UE state transitions is detected;
5.1.2.3.1.3
Solution evaluation
Benefits:
· High rate of UE state transitions can be detected and reduced;
Drawbacks:
· Depending on the solution selected, enhancements to UE/eNodeB/MME are needed;
*********************************************END OF CHANGES**************************************************
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