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1 Introduction

SA2 agreed to include “Core Network assisted eNodeB parameters tuning” solution as part of release 12 [1]:
“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.”
The decision of determining the actual assistance information for enhancing eNB decisions to adjust the radio parameters for a UE were left up to RAN groups. MTCe work item targets to enhance RAN competency to handle small data transmissions generated by machine-type and non-machine-type devices and applications. This paper summarizes for discussion and decision, potential assistance information that might be useful for efficient tuning of eNB’s internal parameters.
2 Discussion

In RAN2#83 meeting, RAN2 agreed on the benefit of assisting the eNB with certain information to achieve optimum network behaviour in aspects like suitable RRC connection handling, DRX configuration, and UL control channel configuration among others. Due to the meeting time constraints, companies only got consensus on the benefit of UE mobility behaviour and description of the traffic type/pattern while other parameters were left for further study. This paper provides the details of these potential parameters and their benefits. 

Aside from identifying the required assistance information, RAN has to decide whether it should be originated or derived by the CN and/or the eNB as captured in the MTCe WI [2] 

“As part of the Work Item it shall be decided whether the information should originate from the CN (e.g. based on the knowledge of the UE type, statistics collected e.g. at the PGW and/or subscription information) or from the eNB/RNC”
On the other hand, SA2 already agreed on a mechanism (description in Annex 1) that enables MME to provide CN and/or RAN assistance information to the eNB (if available) during the setup of the S1 signalling connection (e.g. Attach, Service Request). Different scenarios can be identified depending on the entity that gathers this assistance information:
Option a) RAN originated: eNB collects and sends this information in a transparent container to MME upon releasing UE RRC connection. 
Option b) CN originated: MME collects this information from the UE’s subscription data (e.g. coming from HSS) or via NAS container e.g. pre-configuration upon UE attach.
Either way this CN and/or RAN assistance information is cached in MME while the UE is in idle and is provided back to eNB next time the UE becomes active [1]. Depending on how this information is generated or gathered, two categories can be defined: dynamic (i.e. based on statistics collected over a period of time reflecting UE traffic activity and idle/connected state transitions) and static (i.e. subscription or pre-configured information) assistance information as described in sections 2.1 and 2.2.
Observation 1: CN assistance information can be classified as dynamic (i.e. statistics collected over time) and static (i.e. subscription or pre-configuration).
Dynamic CN assistance information

There are assistance parameters that eNB could benefit from, for better tuning UE related parameters assuming that the CN stores them while UE is in idle and shares them with the eNB when the UE enters connected mode (or maybe upon handover). During RAN2#83 discussions, companies expressed their concerns on the reliability of gathering information about traffic pattern, as most of UE’s behaviour is not deterministic and cannot be guaranteed in the future based on previous events. Even though eNB might not be able to use this information alone to take the best decisions, there could still be benefit in incorporating the corresponding assistance information from the past history as another key factor to optimize the future parameter set tuning. This dynamic assistance information could be generated by RAN or CN and logged as single or multiple values in the form of history information.
For dynamic CN assistance information, the following parameters are proposed for discussion as useful inputs that the eNB might incorporate in their internal calculation to optimize their future decisions: 
1. Mobility indication (upon idle to connected transition): The details of the actual information are being defined in HetNet WI (as also reflected in RAN2#83 agreements). This information is shared by the UE to eNB upon establishing the RRC connection and once finalized, additional information such as the RRC state in each cell, % of time in each state, etc. may be further discussed in future.
2. UE activity pattern: It has been shown in earlier study ([3-5]) that the optimum moment to release UE RRC connection (also referred as optimum RRC Release time) to reduce the signaling overhead due to RRC transitions (idle/connected) and handovers depends on the UE mobility (HO rate) and traffic activity pattern (frequency and length of data transmission). Therefore, as we indicate below, the eNB could benefit from getting certain information regarding the connection release  as well as information related to each RRC state (e.g. ratio of time spent in connected vs idle):
a. RRC release related assistance information: This kind of information may be useful to optimize the instant at which the UE’s connection is released. 
i. UE specific RRC release time: It is identified as the time UE waited without data activity before being released from RRC connection. This information could be generated by eNB and shared with MME (upon releasing the connection) and potentially with other eNBs (e.g. upon HO). The disadvantage, based on concerns raised by companies [6], is that eNB has to share information of its internal configuration with the other network nodes.
ii. Relative RRC release indicator: This is understood as a delta time (δ) from the default instant at which the eNB would release any UE’s RRC connection (default RRC release time, tD). This parameter would be generated by the eNB  and stored by the MME potentially along with the cell ID. This information allows the eNB to define its own absolute RRC Release time and its own mechanism to determine how and when to release UE’s RRC connection. Intelligent eNBs might consider more factors like HO rate, UE traffic pattern or other internal algorithms to determine when to release the RRC connection. 
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Figure 1. Illustration of Relative RRC release indicator
For example, assuming that an eNB defines its default RRC release time (tD) to be 10s and the eNB decides releasing the connection by 6s, this “relative RRC release indicator” would be stored (as δA = -4) in the MME. Similarly, there could be cases when eNB decides not to release the UE and keeps it connected for longer period in which case the relative value would be positive (δB). 
b. RRC state related assistance information: This kind of information may be useful to understand the traffic activity pattern based on the time that UE spent in connected and idle mode: 
i. RRC state transition information (e.g. timestamp or ratio): This identifies the absolute time or ratio of time spent in each RRC connection state (connected, idle). This information could be generated by MME to reduce signaling exchange between RAN and CN; for example, MME could update this information upon establishing or releasing the UE context (i.e. S1 Initial Context Setup and S1 UE Context Release) and could convey the relevant information to the eNB upon establishing the UE connection. 
c. Recent traffic activity related assistance information: 
i. Inter-arrival time (IAT) information: This corresponds to the most recent set of inter-arrival times gathered by the RAN over the period of time before the UE’s connection gets released. This data set is sent to the MME for storage and retrieved by the eNB at connection resumption and is helpful in tuning the optimum parameters for the UE. 
ii. UE specific connected DRX information: There are cases in which eNB could benefit from storing an indication of the most suitable connected DRX cycle. As eNB would not want to share its exact internal DRX configuration with other network nodes, this information could be defined as ranges using a threshold e.g. below or above 1.28s. This information would be generated by the eNB, stored in MME while the UE is in idle and conveyed to the eNB when the UE comes back connected.
Observation 2: UE activity pattern is characterized by the inactive time before being moved to idle mode, the portion of time spent in connected vs. idle mode and the connected mode configuration based on the recent traffic activity.
Proposal 1: It is proposed to discuss and agree on the usage of RRC connection release related assistance information (UE specific RRC release time or relative RRC release indicator), RRC state related assistance information and recent traffic activity related assistance information (inter-arrival time information or UE specific connected DRX information) for LTE & UMTS.
Static CN assistance information

There are devices and applications characterized by particular features that will remain unchanged for its life time such as MTC specific devices like sensors or meters. Therefore, eNB could benefit from being aware of such deterministic information to take more accurate internal decisions while trying to minimize network load, signaling load or resource utilization and maximize UE power savings. This static CN assistance information could be defined as subscription (HSS) or pre-configuration information (shared by UE to the CN over NAS signaling and CN transfers them to eNB) and would be available in the MME upon registration of the UE.
Due to the broad range of MTC applications and use cases [7], a number of characteristics could be identified; however the most significant indicators that could best assist in eNB’s internal tuning of parameters are the following: 

· Mobile originated indicator/subscription: This identifies devices that will not be accessed for MT services and will only access the network for MO services and TAU/RAU procedures. This is an important aspect that the eNB could benefit from knowing, in order to better determine when the UE could potentially apply the new power saving mode and be unreachable.   
· Fixed Location indicator/subscription: This identifies devices that will stay in a permanent stationary location. This feature could aid the eNB to better control and predict network load. In addition, the eNB might decide to simplify mobility procedures for these UEs to reduce signaling load.
· Traffic Activity Periodicity indicator/subscription: This identifies the traffic patterns of devices that will only access the network at pre-defined intervals (e.g. meter devices). This periodicity could be defined as a fixed value (e.g. frequency every 15minutes or one hour) or as a range (e.g. frequency between 15 to 30 minutes) or as a boundary (e.g. frequency greater than 30 minutes). This information could help eNB to better predict the resource utilization as well as the optimum moment to release the RRC connection to maximize UE power savings while reducing CN and RAN signaling.
Proposal 2: It is proposed to discuss and agree on the usage of mobile originated, fixed location and traffic activity periodicity indicator/subscription assistance for LTE & UMTS.
Proposal 3: It is proposed to send an LS to RAN3, SA2 & CT1 upon agreement of the corresponding core network assistance information. 
3 Conclusions and proposals
In this contribution, we discuss the potential RAN/CN assistance information that may aid in the tuning of UE related parameters at the eNB, as summarized in the table below.
Table 1. Summary of CN assistance information

	
	Assistance Information
	Applicability
	Originating Node

	D

Y

N

A

M

I

C
	UE specific RRC release time
	Optimize the instant to release UE RRC connection
	RAN

	
	Relative RRC release indicator
	
	

	
	RRC state transition information (e.g. timestamp or ratio)
	Optimize decision of keeping the UE connected vs transiting it to idle
	CN

	
	Inter-arrival time (IAT) indicator
	Optimize connected configuration parameters (e.g. DRX cycle)
	RAN

	
	UE specific connected DRX indicator
	
	

	S

T

A

T

I

C
	Mobile originated indicator
	Enable the usage of the new power saving mode or longer DRX cycle values
	CN

	
	Fixed Location indicator
	Simplify mobility related procedures
	

	
	Traffic activity Periodicity indicator
	Optimize network load, resource utilization and connection release decisions
	


Observation 1: CN assistance information can be classified as dynamic (i.e. statistics collected over time) and static (i.e. subscription or pre-configuration).
Observation 2: UE activity pattern is characterized by the inactive time before being moved to idle mode, the portion of time spent in connected vs. idle mode and the connected mode configuration based on the recent traffic activity.
Proposal 1: It is proposed to discuss and agree on the usage of RRC connection release related assistance information (UE specific RRC release time or relative RRC release indicator), RRC state related assistance information and recent traffic activity related assistance information (inter-arrival time information or UE specific connected DRX information) for LTE & UMTS.
Proposal 2: It is proposed to discuss and agree on the usage of mobile originated, fixed location and traffic activity periodicity indicator/subscription assistance for LTE & UMTS.

Proposal 3: It is proposed to send an LS to RAN3, SA2 & CT1 upon agreement of the corresponding core network assistance information.
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5 Annex 1.

The text and Figure 2 below describe the Core Network Assistance Procedure based on SA1 specification [1]:

“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 2. Core Network assisted eNodeB parameters tuning [1]
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