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Abstract of the contribution: This paper proposes to optimize the setting of Idle mode and active state timers in eNB based on information collected at MME.
1. Introduction

NOTE: This contribution is the merged version of S2-130085 (General procedure of long connected mode from Samsung) and S2-130571 (Core Network assisted eNB parameters tuning for small data transfer from Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, NEC, Samsung) which were submitted and merged in last SA2#95. Both contributions commonly propose for eNB to adjust the parameters such as RRC inactivity timer based on the CN assistance information from MME, therefore, they are merged. Also Ericsson’s contribution in S2-130811 content is reflected in this document. 
Parameters like the RRC inactivity timer and the DRX timers are set locally at the eNB. The setting of these parameters has quite some impacts on various aspects like the frequency of idle/active transitions, as well as the level of power consumption in active and idle state. This paper investigates whether the setting of these parameters can be done “more intelligently” with the aid of some information provided or relayed by the core network. The discussion in this paper focuses on the EUTRAN and MME case, hoever similar considerations would apply for UTRAN/GERAN and SGSN case.
2. Discussion
Within the scope of the SDTTE work we are investigating ways to mitigate the impact on the system due to small data transmission which may lead to frequent idle-active transitions.

Parameters like the RRC inactivity timer and the DRX timers are determined locally at the eNB. The setting of these parameters has quite some impact on the frequency of idle/active transitions, as well as the level of power consumption in active and idle state. 

RAN2 studies in 3GPP TR 36.822 [x] analyse in particular the effects of the RRC inactivity release timer and the DRX cycle on network signalling (transitions idle<>connected), handovers (extra handover signalling when keeping the UE in connected state for a longer RRC release timer, in particular for moving UEs), and UE power consumption, for different kinds of traffic. 

RAN2 also specified in Rel-11 (see 3GPP TS 36.300 [y] and 3GPP TS 36.331 [4]) a new UE assistance information procedure enabling the UE to indicate to the network a power preference indication, e.g. lower power consumption, to enable the eNB to optimize the setting of the DRX parameter & RRC (inactivity) release timer. This feature however suffers from the drawback that how this is used by the UE is left open in the standards. Besides, only new terminals can use them leaving the legacy handling still an open issue.

It is therefore useful to look at alternatives or additional ways to optimize the way these parameters are determined in order to minimize the UE state transitions and achieve optimum network and UE behaviour.

The MME, for instance, could provide CN assistance information to the RAN based on subscription data (e.g. related to specific areas/locations reflecting expected mobility pattern, or expected allowed applications characteristics, like no mobile terminated services, or whether or not the specific subscription is related to a known vertical application which has a known keep alive pattern) and/or the learning of the signalling traffic pattern (e.g. time between successive signaling connections, mobile originated or/and mobile terminated traffic) and/or the mobility pattern (e.g. static vs moving) of the user. The CN assistance information can enable the RAN to adjust/optimize the RAN parameters (DRX cycle and/or RRC user inactivity timer) applied to the UE and thus reduce the frequency of transitions between idle and connected states, minimize network signaling, and save UE battery consumption. 

In case the UE frequently changes its states, RAN could adjust the RRC user inactivity timer of the UE longer than the one of the UE rarely changing its state. In addition, RAN could set the longer DRX cycle for the UE in order to save the UE battery consumption.
The RAN may also help the MME and the new eNB additionally by the transfer of RAN assistance information to the MME during the release of the signaling connection (e.g. in the UE Context Release Complete message sent by the eNB to the MME) e.g. the value of the RRC user inactivity timer applied for the signaling connection being released and e.g. the related DRX idle and active mode timers, for subsequent use during the setup of the next signaling connection of the user.
Optionally, also, the core may not be providing additional intelligence and just relaying the RAN information between eNB’s at Handover time and between S1 release and service request.
Note that as the UE moves, the eNB may change, so the same information collected at the MME cannot be equally well collected in the RAN as e.g. the duration of an active connection may span the coverage of multiple eNB’s.
The MME may monitor the following UE's activity in particular: 
-
The MME is aware of when signaling connections are established and released, so the MME can keep data related to the time elapsed between the release of the last signaling connection and the establishment of the subsequent signaling connection for a UE. An average short duration (e.g. a few seconds) between successive signalling connections would be an incentive for the RAN to increase the RRC user inactivity timer;
- 
The frequency of transitions between idle and connected modes can allow the detection of “offending UEs” with abnormally frequent transitions;

- 
The MME is aware of change of eNB when the UE is in active state. A rapidly moving UE may be put on shorter RRC inactivity timers than a static UE.
The MME can therefore assist the RAN in optimizing RAN parameters, the DRX cycle (i.e. period of discontinuous reception when the UE is in connected or idle state) and/or the RRC user inactivity timer (i.e. timer used in the RAN to release the RRC signaling connection of the UE). This assistance information may be provided by the MME e.g. during the setup of the signaling connection (e.g. in the S1-AP Initial Context Setup Request sent to the eNB, but other procedures may also be affected) or other procedures which involve interaction between UE, CN and RAN.
The principles of this solution can equally apply to UEs under UTRAN, with the SGSN monitoring the UE activity and passing CN and RAN assistance information to the RNC.
3. Proposal 
We propose that the MME can assist the selection of the RRC inactivity timer and DRX parameters in the eNB. We propose adding the following text to TR 23.887 ver 0.3.0
Begin Change
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5.1.2.3
Solutions

5.1.2.3.1
Solution: Core Network assisted eNB parameters tuning for small data transfer 
5.1.2.3.1.1
General

When multiple applications popularly used these days are running on the UE, the UE sends the small data (e.g. keep alive messages) with a frequent and diverse traffic pattern. This causes frequent UE state transitions. 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 frequency becomes higher and higher. 





 




Parameters like the RRC inactivity timer and the DRX timers are determined locally at the eNB. The setting of these parameters has quite some impact on the frequency of idle/active transitions, as well as the level of power consumption in active and idle state. 
RAN2 studies in 3GPP TR 36.822 [x] analyse in particular the effects of the RRC inactivity release timer and the DRX cycle on network signalling (transitions idle<>connected), handovers (extra handover signalling when keeping the UE in connected state for a longer RRC release timer, in particular for moving UEs), and UE power consumption, for different kinds of traffic. 
RAN2 also specified in Rel-11 (see 3GPP TS 36.300 [y] and 3GPP TS 36.331 [4]) a new UE assistance information procedure enabling the UE to indicate to the network a power preference indication, e.g. lower power consumption, to enable the eNB to optimize the setting of the DRX parameter & RRC (inactivity) release timer. This feature however suffers from the drawback that how this is used by the UE is left open in the standards. Besides, only new terminals can use them leaving the legacy handling still an open issue.

It is therefore useful to look at alternative or additional ways to optimize the setting of these parameters in order to minimize the UE state transitions and achieve optimum network behaviour.

The MME, for instance, could provide CN assistance information to the RAN based on initial values for the parameters provided at attach time or subscription data (e.g. related to expected mobility pattern, or expected allowed applications characteristics such as whether only mobile originated services are expected by the particular vertical application) and/or the learning of the signalling traffic pattern (e.g. time between successive signaling connections, mobile originated or/and mobile terminated traffic) and/or the mobility pattern (e.g. static vs moving) of the user. The CN assistance information can enable the RAN to adjust/optimize the RAN parameters (DRX cycle and/or RRC user inactivity timer) applied to the UE and thus reduce the frequency of transitions between idle and connected states, minimize network signaling, and save UE battery consumption. 
In case the UE frequently changes its states, RAN could adjust the RRC user inactivity timer of the UE longer than the one of the UE rarely changing its state. In addition, RAN could determine a longer DRX cycle for the UE in order to save the UE battery consumption.
The RAN may also help the MME and the new eNB additionally by the transfer of RAN assistance information to the MME during the release of the signaling connection (e.g. in the UE Context Release Complete message sent by the eNB to the MME) e.g. the value of the RRC user inactivity timer applied for the signaling connection being released and e.g. the related DRX idle and active mode timers, for subsequent use during the setup of the next signaling connection of the user. The RAN assistance information is relayed between eNB’s, but the MME can also use it to improve the CN assistance information. The RAN assistance information may also include information provided by the UE to the eNB to improve the selection of eNB parameters.
As an alternative, the core is not providing additional intelligence and just relaying transparently the RAN information between eNB’s at Handover time and between S1 release and service request. 
Note that as the UE moves, the eNB may change, so the same long term information collected at the MME cannot easily be collected in the RAN as e.g. the duration of an active connection may span the coverage of multiple eNB’s. To achieve the same functionality, the RAN nodes would need to transfer between applicable information, e.g. the applied inactivity timers and potentially history and statistics they gain, during Handover procedures and when the UE is idle the information would need to be stored in the MME.
Figure 5.1.2.3.x.1-1 provides an example call flow whereby the MME provides CN and/or RAN assistance information to the eNB during the setup of the RRC signalling connection.
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Figure 5.1.2.3.x.1-1: Core Network assisted eNB parameters tuning for small data transfer
Figure 5.1.2.3.x.1-2 provides an example call flow whereby the MME provides relay service and storage of RAN assistance information to the eNB between S1 release and the setup of the RRC signalling connection. Note that the data is stored in a transparent way for the CN, and the content of the data depends on what information RAN needs to store.
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Figure 5.1.2.3.x.1-2: Core Network relayed eNB parameters tuning for small data transfer
The MME may monitor the following UE's activity in particular (for the CN assisted solution): 
-
The MME is aware of when signaling connections are established and released, so the MME can keep data related to the time elapsed between the release of the last signalling connection and the establishment of the subsequent signalling connection for a UE. An average short duration (e.g.a few seconds) between successive signalling connections would be an incentive for the RAN to increase the RRC user inactivity timer;
- 
The frequency of transitions between idle and connected modes can allow the detection of “offending UEs” with abnormally frequent transitions;

- 
The MME is aware of change of eNB when the UE is in active state. A rapidly moving UE may be put on shorter RRC inactivity timers than a static UE.
The MME can therefore assist the RAN in optimizing RAN parameters, the DRX cycle (i.e. period of discontinuous reception when the UE is in connected or idle state) and/or the RRC user inactivity timer (i.e. timer used in the RAN to release the RRC signalling connection of the UE). This assistance information may be provided by the MME e.g. during the setup of the signalling connection (e.g. in the S1-AP Initial Context Setup Request sent to the eNB, but other procedures may also be affected) or other procedures which involve interaction between UE, CN and RAN.

In the alternative with just information relay between eNB’s by the MME, the statistics the MME can collect as discussed above can also be collected by the eNB’s, but the Core needs to relay between eNB’s the information that the next eNB needs (which information would be up to RAN to define) to use to perform the calculations related to velocity, transition idle-active statistics.
The principles of this solution can equally apply to UEs under UTRAN,GERAN with the SGSN relaying information or with the SGSN monitoring the UE activity and passing CN and RAN assistance information to the RNC/BSS. Though, as for UTRAN the RNC assist a larger area than an eNB i.e. there would be a less need for introducing the same functionality for UTRAN. 
5.1.2.3.1.2
Impacts on existing nodes and functionality
For the CN assisted alternative:

Impacts to HSS:

· storing the subscription data used in determining the CN assistance information.
Impacts to MME:
· setting of CN assistance information based on subscription data and/or (dynamic) monitoring of the UE activity; 
· storing RAN assistance information received from the last eNB during the release of the last RRC signalling connection;
· passing CN and/or RAN assistance information to the eNB during the setup of a new RRC signalling connection.
· passing CN and/or RAN assistance information to new MME in case of the idle mobility events and inter MME handovers.
Impacts to eNB: 

· tuning of RAN parameters (e.g. DRX cycle and/or RRC inactivity timer) using CN and/or RAN assistance information;
· providing the RAN assistance information to the MME during the release of the RRC signalling connection and S1 and X2 handover procedures.
· providing the RAN assistance information to the target eNB over X2 during an X2 handover procedure.
For the CN relaying alternative:
Impacts to MME:
storing RAN assistance information received from the last eNB during the release of the last RRC signalling connection;

passing CN and/or RAN assistance information to the eNB during the setup of a new RRC signalling connection.

passing CN and/or RAN assistance information to new MME in case of the idle mobility events and inter MME handovers.

Impacts to eNB: 

providing the RAN assistance information to the MME during the release of the RRC signalling connection and S1 and X2 handover procedures.

providing the RAN assistance information to the target eNB over X2 during an X2 handover procedure.
5.1.2.3.1.3
Solution evaluation
Editor’s Note: RAN/GERAN WGs would need to provide feedback.
This solution provides additional intelligence to the RAN in the selection of the timers related to activity and idle mode, thus providing ways to reduce the number of signalling transaction related to UE activity patterns.

The additional benefit is that it not only covers the need to optimize parameters tuning for small data transmission related issues, but also it can be used to optimize energy consumption and handover related signalling with the intelligence the core can provide by inspecting the UE mobility patterns.
The advantage of this solution compared to UE-based solutions is that the UE is not impacted and therefore this can be used also for legacy UE’s. Also, since there is no need of specialized configuration information, it is not too impacting operations of the network.
The RAN-only based option delivers similar benefits, however would not take advantage, e.g., from additional information derived e.g. from subscription information, information configured in the core..
End of Change
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