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Discussion and Decision
1. Introduction
In RAN#62, new work item on RAN enhancements for Machine-Type and other mobile data applications Communications has been approved [1]. One of objectives is to conclude the need of assistance information in order to help RAN nodes to configure the RRC connection accordingly. This is also related to SDDTE in the corresponding SA2 study item and captured in the SA2 TR [2]. In this contribution, we discuss the CN assisted eNB parameter tuning [3] and provide our views on the the need of CN and/or RAN assistance information.
2. Background
In RAN#61, the SI on RAN aspects of Machine-Type and other mobile data applications Communications enhancements (MTCe) [4] was closed and the observations, agreements and conclusions were captured in the TR [5]. In the TR, CN assisted eNB parameter tuning for small data transfer is captured for one of possible solutions for signaling overhead reduction. However, there was not sufficient time to discuss this solution and then it was concluded to discuss further in the potential WI. Now that the WI has been approved and the CN assisted eNB parameter tuning would be able to be discussed again. Note that for instance, eNB parameter is RRC user inactivity timer and/or DRX cycle in RRC_Connected.
On the other hand, SA2 has already captured the CN assisted eNB parameter tuning for LTE only and two types of assistance information, i.e. RAN assistance information and CN assistance information as shown in the Annex [3]. The RAN assistance information is generated by RAN node and it would be transferred to the CN but the CN does not change the contents. The CN assistance information is generated by the CN and the CN assistance information, if available, shall be provided to the RAN node, when the corresponding UE becomes active again. 
3. Discussion
3.1
Available information for eNB parameter tuning
During the SI phase, it was concluded that for LTE, the mobility information (i.e. the visited cell history and the mobility state estimated by MSE) provided by the UE upon IDLE=>CONNECTED transition may be useful for the eNB to determine e.g. a suitable RRC connection handling as well as DRX and UL control channel configuration, while the CN would not know the mobility while the UE was IDLE [6]. It is, however, that the mobility information provided by the UE could be available only from Rel-12 UE’s and thus it cannot be used for legacy UE’s. 
Observation 1: Mobility information which would be useful for eNB parameter tuning can be available only from Rel-12 and cannot be used for legacy (Rel-8 to 11) UE. 
3.2
Motivation of CN/RAN assistance information in SA2
In our understanding, CN and/or RAN assistance information was discussed in SA2 as a solution that could reduce the signaling due to handover or repetition of connection setup and release not only in the RAN, but also in the CN. The point of RAN assistance information is that the RAN would release the UE context at the RRC connection release and thus some useful information, if any, should be stored in the CN. As stated in [2], the advantage of this solution (e.g. CN assisted eNB parameter tuning [5]) compared to UE-based solutions is that the UE is not impacted and therefore this can be used also for legacy UE's. It could be expected that some of legacy MTC UE’s may not be replaced for a long time, e.g. 5 – 8 years. Thus, it would be preferable to standardize a network based solution. 
Observation 2: Network based solution will be useful to support large number of legacy MTC UE’s. 
3.3
Need of CN assisted eNB parameter tuning
First of all, as discussed in 3.1 and 3.2 the network based solution will be useful, because the legacy UE’s could be subject to the solution. Here, we consider the CN assisted eNB parameter tuning as one of network based solutions and the following candidates for CN and/or RAN assistance information [2],[7-8] are discussed as examples:

· RAN assistance information:

· Mobility information 

· User inactivity timer

· CN assistance information

· Subscription type

Mobility information @RAN assistance information
As already discussed in the past RAN2 meeting, the mobility information will be useful for RAN (e.g. eNB) to determine whether the UE should be kept in CONNECTED or moved to IDLE considering the trade-off between the signaling overhead in the RRC connection setup procedure and that in the handover procedure [5]. For instance, the inactivity timer for high mobility UE’s may be shorter than that for low mobility UE’s in assuming that the inter-arrival time for those UE’s are almost same. 
User inactivity timer @RAN assistance information
The user inactivity timer is one of targets for the CN assisted eNB parameter tuning. It is assumed that the user inactivity timer is maintained in the eNB, although it is currently implementation parameter and not shown in the LTE specification. Some companies would argue that the user inactivity timer can be derived by the eNB itself appropriately e.g. by keeping the UE in CONNECTED for a long time (e.g. a few tens of second [7]). For instance, a default value of the user inactivity timer is set to 50s and applied for all UE’s. The eNB may determine to move the UE with inter-arrival time longer than 50s to IDLE. If the inter-arrival time at some of UE’s are 50s + alpha (e.g. 51s), those UE’s would perform RRC connection setup procedure right after moving to IDLE. In this case, it may be better to keep those UE’s in CONNECTED as well. Unfortunately, the eNB cannot know the fact that those UE’s become CONNECTED again soon. Therefore, the value of the user inactivity timer should be basically set to such a value that the signaling overhead due to RRC connection setup procedure would not cause a problem, i.e. longer enough as a default. However, it may be a burden for the eNB to calculate or determine the user inactivity timer at every RRC connection setup. So, it would be beneficial to transfer the user inactivity timer (i.e. value) as the RAN assistance information to the MME in order to reduce the eNB processing. In our understanding, the value of user inactivity timer transferred to the MME is only one. Of course the eNB can update the user inactivity timer even if the RAN assistance information received from the MME includes it, but the MME shall not change it.
It should be noted that some companies raised a concern to disclose the value of user inactivity timer [8]. However, if want to do so, it is possible to estimate at the UE e.g. by monitoring the time period from the last packet transmission or reception to the RRC connection release, although it is just a rough estimation. Anyway, it should not be a show-stopper, if operators would want to have such related function. 
Subscription type @CN assistance information
It was also concluded in the SI phase that a description of the traffic type/pattern (e.g. inter-arrival time) may also be useful, but it is not clear how this information could be obtained reliably. It may be possible for some devices to derive information about the traffic pattern based on e.g. the subscription type. For other devices it may not be able to get any reliable information. From our point of view, it could be expected that some stationary MTC UE’s transmitting the data with (almost) fixed inter-arrival time may be known from its IMEISV or information based on the device type. Note that to our understanding, it would be suitable to mention “device type” rather than “subscription type” here, although the intention in the past RAN2 discussions would be the same. Based on this knowledge, the eNB could determine e.g. a suitable RRC connection handling. For instance, at first the eNB checks the inter-arrival time by keeping a UE in CONNECTED and then determines whether to keep the UE in CONNECTED or move it to IDLE. The eNB may also determine the user inactivity timer and the value may be sent to the MME when the eNB moves the UE to IDLE and sent back to the eNB when the UE moves to CONNECTED again [9]. In addition, some information based on device type may include the mobility status (e.g., stationary, high mobility), and this information would also be useful for the eNB. Actually it is captured in the TR [7] that the optimum RRC Inactivity Timer to minimize the signaling load is a function of the UE mobility rate and the traffic characteristics (e.g. packet inter arrival time). So, it would be important to obtain some assistance information from the CN to determine the user inactivity timer. 
Observation 3: The CN assisted eNB parameter tuning will be useful and possible assistance information will be the followings: 

- mobility information and user inactivity timer as RAN assistance information.

- device type (e.g. IMEISV) as CN assistance information.
Based on the discussions and the observations, we would like to propose to agree on the CN assisted eNB parameter tuning as one of solutions for signaling overhead reduction. 
Proposal 1: The CN assisted eNB parameter tuning is selected as a solution for signaling overhead reduction.
Proposal 2: The RAN assistance information includes at least the mobility information and the user inactivity timer.

Proposal 3: The CN assistance information includes at least the device type (e.g., IMEISV).
In the end, since there is no impact on the RAN2 specifications but there is some impact on the RAN3 specification (e.g., TS36.413), it is proposed to send an reply LS to SA2 including RAN3.

Proposal 4: A reply LS is sent to SA2 with asking RAN3 to take appropriate actions. 
4. Conclusion

In this contribution we discussed the CN assisted eNB parameter tuning which is one of possible solutions for signaling overhead reduction. We had the following observations regarding the need of CN and/or RAN assistance information:
Observation 1: Mobility information which would be useful for eNB parameter tuning can be available only from Rel-12 and cannot be used for legacy (Rel-8 to 11) UE. 

Observation 2: Network based solution will be useful to support large number of legacy MTC UE’s. 
Observation 3: The CN assisted eNB parameter tuning will be useful and possible assistance information will be the followings: 

- mobility information and user inactivity timer as RAN assistance information.


- device type (e.g. IMEISV) as CN assistance information.
Finally, we would like to propose: 
Proposal 1: The CN assisted eNB parameter tuning is selected as a solution for signaling overhead reduction.
Proposal 2: The RAN assistance information includes at least the mobility information and the user inactivity timer.

Proposal 3: The CN assistance information includes at least the device type (e.g., IMEISV).
Proposal 4: A reply LS is sent to SA2 with asking RAN3 to take appropriate actions. 
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Annex 
A1: CN assisted eNB parameter tuning [3]
4.3.21
Core Network assisted eNodeB parameters tuning

4.3.21.1
CN Assistance Information

Core Network assisted eNodeB parameters tuning aids the eNodeB to minimize the UE state transitions and achieve optimum network behaviour. For example, if the UE frequently changes its idle/active states, RAN could extend the RRC connection time of the UE compared to a 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.

Core Network Assistance information is data that may be derived by the eNodeB and/or MME and cached in the CN while the UE is idle. When a UE becomes active (e.g. Attach, Service Request), the cached information, if available, shall be provided by the MME to the eNodeB.

NOTE:
Information can be generated by the MME and passed to the eNodeB during establishment of a UE connection (e.g. Attach, Service Request). An example could be the Service Request rate.

4.3.21.2
RAN Generated Assistance Information

Assistance data may be sent in a transparent container from the eNodeB to MME when the UE connection is released. If this information is cached then it is provided back from MME to eNodeB the next time the UE becomes active. The transparent container is unchanged while cached in the MME.

4.3.21.3
Core Network Assistance Procedures

The MME provides CN and/or RAN assistance information to the eNodeB if available, during the setup of the S1 signalling connection (e.g., Attach, Service Request).

The following figure is a high level description of the transfer of information from an eNodeB to MME during an S1 release procedure and from an MME to eNodeB during a service request procedure.
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Figure 4.3.21.3-1: Core Network assisted eNodeB parameters tuning

A2: Signaling load evaluation [7]

5.2.2
Signalling Load

RRC state control may be based on inactivity timers within the eNB.  Following the detection of data inactivity for a period of time, the eNB may choose to direct the UE to idle mode via the sending of an RRC Connection Release.  The presence of user plane traffic will trigger a subsequent return to connected mode via an RRC Connection Setup procedure (such as those shown in section 5.2.1).

Some traffic types (e.g. background and IM) comprise regular or sporadic short data exchanges that may be relatively widely interspersed in time.  In this case, one of two outcomes is likely to result depending upon the network’s configuration of the RRC inactivity timer:

A)
For shorter timer values, the frequency of RRC state transitions becomes high: as a result, Uu and S1 signalling overheads are increased

B)
For longer timer values, Idle mode is seldom used:  The background activity retains the device in an RRC connected mode state

This section provides analyses concerning how RRC inactivity timer values affect RRC connection frequency (and hence signalling load) and the proportion of time the UE would spend in connected mode as a result.

5.2.2.1
Results for Background Traffic

Figure 5.2.2.1-1 shows the number of complete RRC connection setup/release cycles per minute that would result in the presence of background traffic as a function of varying an RRC inactivity-timer within the eNB.  The results are for the case of zero or low mobility.  Numerical legend labels correspond to the traffic scenario Trace IDs listed in Annex A.1.  Alphabetical legend labels correspond to traces from other sources as listed in Annex A.2.

Figure 5.2.2.1-2 shows the corresponding percentage of time that the UE would spend in the connected mode.
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Figure 5.2.2.1-1:  RRC Connection Frequency vs. RRC inactivity timer value (Background Traffic)
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Figure 5.2.2.1-2:  Time in Connected Mode vs. RRC inactivity timer value (Background Traffic)

/* skipped */

5.3.2
Selecting RRC State for a mobile UE

The cost of mobility in RRC Connected state is higher than the cost of mobility in RRC Idle State. While the cost of RRC Connected mobility is given in Section 5.3.1, RRC Idle State mobility in most cases does not involve any air interface or backhaul signaling. The exception is when a UE in RRC Idle State moves outside the network provided list of tracking areas and needs to perform a Tracking Area Update procedure. In this section (Section 5.3), it is assumed that the UE does not move outside the list of assigned tracking areas.

Due to the fact that in the current LTE system, UE-controlled mobility applies only in idle mode, then from the point of view of mobility signaling alone, it is desirable to place the UE in RRC Idle State as much as possible. However, as noted in Section 5.2, frequent transitions between RRC Idle and Connected states are also undesirable. Some example schemes that are possible within the existing LTE system for controlling the RRC state of a UE are listed below.  Each scheme obtains a different tradeoff between frequency of RRC state transitions and the frequency of mobility signaling.  However, it is also the case that each scheme achieves a different trade off between the time spent in the connected and idle modes and hence impacts to UE battery consumption, the number of simultaneous RRC connections within a cell/eNB and the usage of system resources are also of importance and need to be taken into consideration.

1.
Full use of RRC Connected State: In this scheme, the UE never transitions to RRC Idle State.
2.
Network Initiated RRC Release (based on RRC Inactivity Timer in the Network): As mentioned in Section 5.2, the eNB can release the RRC connection when there is no data activity for a period exceeding an RRC inactivity timer.
3.
Network Initiated RRC Release based on mobility: In this scheme, the eNB releases a UE’s RRC connection only if both of the following criteria are met:  i) there has been no data activity for the UE for the past N seconds, and ii) a need for handover for the UE has been identified (e.g. the eNB has received a measurement report with A3 event).  Thus, the eNB performs RRC connection release instead of performing handover. If a handover is required within N seconds of previous user-plane activity, the handover is performed and the RRC connection is not released..
5.3.3
Evaluation of schemes to select a RRC State for a mobile UE

By using a traffic trace and a model for UE mobility, it is possible to compute the number of RRC State Transitions and the number of HO events. The UE mobility model may either be abstract (e.g. a random variable to model the time between handovers), or may be based on UE mobility simulations in a multicell simulation layout.
/* skipped */

The figure 5.3.3-2 shows the different signalling load to data bytes per hour percentage data sets for different mobility rates and various RRC inactivity timers providing a visual representation of the data corresponding to table 5.3.3-5. The mean data rate value is obtained from table A.1-1 in Appendix A.1.
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Figure 5.3.3-2: Signalling load to data bytes for background trace ID-17

From the above results, the following observations can be made about balancing mobility and RRC state transition signalling, in the context of background applications.

1.
Full use of RRC Connected State, i.e. not having any transitions to RRC Idle mode can eliminate the RRC Connection Setup and Release signalling, with mobility signalling events then increasing correspondingly with the mobility of the UE.

2.
Use of Network Initiated RRC Release based on fixed RRC Inactivity Timer can result in a high number of RRC Connection Setup (and Release) events, while maintaining a number of mobility events that is dependent on the length of the timer. In this case, the optimum RRC Inactivity Timer to minimize the signaling load is a function of the UE mobility rate and the traffic characteristics (e.g. packet inter arrival time).
3.
Use of Network Initiated RRC Release based on mobility, at low mobility rates, exhibits handover and RRC connection setup frequencies similar to Full Connected DRX, while at high mobility rates the frequency of RRC connection setups and handovers are similar to Network Initiated RRC Release.
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