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1. Introduction
During the RAN2 meeting #74, one of the objectives discussed for eDDA WI [1] was how to measure signalling overhead. In this contribution, we outline our methodology for measuring the signalling overhead. We apply this methodology to provide an analysis on how the signalling overhead changes depending upon whether a user runs background traffic vs. remains active over an LTE network.
2. Signalling Overhead Calculation
One of the key metrics of the Evaluation framework for eDDA WI is the signalling overhead [2, 3, 4]. In this contribution, we focus on the signalling overhead of setting up a RRC connection when the UE goes from RRC_Idle state to RRC_Connected state. To get an understanding of the signalling overhead seen over LTE networks, we followed the following methodology: 

1. Measure the number of RRC messages exchanged by an LTE modem when setting up an RRC

      connection. Find the average number of RRC messages and their length. 
2. Collect sample traces of packet arrival patterns over LTE network for the following cases (for details, 
       please refer to [6]:
a. User running an active session
b. User running an active session with diverse data applications in the background.
c. User running commonly used diverse data applications in the background.  

3. Apply a range of values of Idle inactivity timer to the traces to obtain rate of RRC state change events and also the ratio of data exchanged to the signalling overhead for the trace duration.
Tables [1] and [2] show the details of RRC messages and typical lengths of these messages during our measurements using an LTE USB modem over a live deployed LTE network. The measurements were obtained using a software tool [7] that connects to the LTE modem.
Table 1: Details of over-the-air RRC messages exchanged during state change from RRC_Idle to RRC_Connected
	RRC message exchanged during 
RRC_Idle ( RRC_Connected 
	Length in bytes

	Service Request
	18

	RRC Connection Setup
	51

	RRC Connection Request
	31

	RRC Connection Setup Complete
	32

	Security Mode Command
	28

	Security Mode Complete
	27

	RRC Connection Reconfiguration
	81

	RRC Connection Reconfiguration Complete
	27

	Total
	295


Table 2: Details of over-the-air RRC messages exchanged during state change from RRC_Connected to RRC_Idle
	RRC message exchanged during 

RRC_Connected ( RRC_Idle 
	Length in bytes

	RRC Signaling Connection Release
	28

	Total
	28


Note: Tables [1] and [2] do not include all the messages exchanged over the EMM and between packet gateways.
2.1 Trace Collection
The traces used for analysis in this contribution were obtained using the methodology outlined in [6]. 

We obtained 6 sets of traces of applications running in the background at approximately the same time of the day, i.e. 10-11am from the same location with roughly the same RSSI and SINR values using an LTE phone over the LTE network.

We applied inactivity timer values of 1, 2, 5, 10 and 15s during our trace analysis. 
For background applications, we used the following applications: Skype, Gtalk, Stock update, Twitter, Weather, and News. These applications were selected based on the commonly used applications found in other studies [8, 9].

For active sessions, we tried to mimic user behaviour by running different applications consecutively, such as Safari, Android Market App and YouTube with no other application running in the background.

3. Impact of Diverse Data Application on Signalling Overhead
[image: image1.jpg]Ratio of Data exchanged to Signaling Ov erheat!

Impact of Signaling overhead for a User running an Active session using Safari

20000 T 10
—+— Ratio of data to signalling overhead
— & -RRC State Changes/rmin
16000 B
10,000
5000
[y
i

Idle Inactivity Timer in seconds

Rate of RRC State Change per minute



Fig 1: User running Active session
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Fig 2: User running multiple apps in background
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Fig 3: User running an Active Session with multiple apps in background
Observation 1: We observe that the ratio of Data exchanged to the signalling overhead decreases by several orders of magnitude from 10,000 to about 180 when applications are running in background. Basically a lot more signalling is used to send a lot less data. 
Observation 2: There is relatively low impact seen on ratio of data to signalling overhead when a user is active vs. when a user is active and also running background traffic.

Proposal 1: We propose to investigate and develop efficient mechanisms to reduce the signaling overhead when running background traffic. 
4. Conclusions
In this contribution, we provided data to justify the need for better signalling mechanisms for background traffic.  
Proposal 1: We propose to investigate and develop efficient mechanisms to reduce the signaling overhead when running background traffic. 
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