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1 Introduction

One of the aspects of relevance to the work on Diverse Data Applications concerns the potential effect of the diverse data to the RRC signalling overhead [1]. In the last RAN2 76 meeting, several companies have showed their initial evaluation results for background traffic [2][3]
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[4].
In this paper, we evaluate the RRC signalling load and power consumption for background and IM (QQ) traffics. 
2 Discussion

In order to evaluate the effect of the diverse data to the LTE networks, the background and IM traffic profiles of QQ service in [5] are selected. We give the analysis of Trace 1, 9, and 12. 
For RRC signalling, we consider the sequence of RRC connection setup/release and RRC connection handover. In the analysis, it is assumed that DRX is not supported by the network in RRC_Connected state (RRC connection). UE goes to RRC_Idle (RRC connection release) immediately after the RRC release timer is out. We consider 1s, 5s, 10s, 30s, and 100s RRC release timer cases in the following discussion. For mobility, two cases are assumed, i.e., 0.2 handovers/minute for low speed mobility, and 2 handovers/minute for high speed mobility. When handover occurs, RRC release timer expires, and restarts after handover completes. 
Impact on RRC signalling load
To analysis the impact of the diverse data to RRC signalling load, two metrics are considered, i.e., RRC state transition times per minute and RRC signalling overhead over all data transmission. For RRC state transition, both RRC_Connected to RRC_Idle and RRC_Idle to RRC_Connected are counted as one time. For RRC signalling overhead, it is defined as follows, 
[image: image1.emf]%   of     data   transmission   for   RRC   signalling = Transmit   bits   for   RRC   signalling   per   second Total   transmit   bits   per   second  


According to [4], the cost bits for RRC signalling are
· Total bits cost in RRC connection setup procedure are 285bytes,
· Total bits cost in RRC connection release procedure are 13bytes,
· Total bits cost in RRC connection handover procedure are 184bytes.
In Table 1 and Table 2, the effect of diverse data to RRC signalling overhead is evaluated. In Table 1, the RRC state transition times for different RRC release time cases are given. In Table 2, the impact of RRC signalling transmission is evaluated. The percentage of data transmission caused by RRC signalling is observed. The effect of handover is also taken into account in Table 2.
Table 1 RRC state transition times (1 UE per minute)
	Trace ID
	RRC release time

	
	1s
	5s
	10s
	30s
	100s

	Trace 1
	63.6
	10.8
	4.68
	0.72
	0.12

	Trace 9
	12
	1.92
	0.6
	0.16
	0.024

	Trace 12
	38.4
	3.12
	1.2
	0.16
	0


Table 2 Percentage (%) of RRC signalling over all data transmission
	Trace ID
	0.2 handovers/minute
	2 handovers/minute

	
	1s
	5s
	10s
	30s
	100s
	1s
	5s
	10s
	30s
	100s

	Trace 1
	96.06
	80.72
	64.85
	24.81
	9.13
	96.14
	82.39
	70.02
	45.09
	37.17

	Trace 9
	32.80
	7.66
	2.90
	1.20
	0.67
	35.05
	11.86
	7.53
	5.99
	5.51

	Trace 12
	63.15
	12.67
	5.63
	1.33
	0.63
	63.91
	16.82
	10.46
	6.59
	5.96


· Observation 1: The number of RRC state transition times decreases with the increasing of the RRC release time. When RRC release time is smaller than 10s (included), the overhead of RRC signalling due to state transition is unbearable, especially for trace 1, more than a half data transmission is caused by RRC state transition.
· Observation 2: Handover mobility speed has effect on the RRC signalling overhead. When RRC release timer is large, handover contributes the large part of RRC signalling overhead.
Impact on power consumption
In this part, we analyse the impact of the diverse data to the power consumption of UEs. For easy understanding, the time percentage of the UEs in RRC_Idle is utilized as the metric, which is defined as follows,  
[image: image2.emf]%   of   Time     in   RRC _ idle = Time   spent   in   RRC _ Idle     state   Total     time   duration    


The evaluation results are shown in Table 3. The percentage of time in RRC_Idle is shown for different RRC release time cases. When handover occurs, the RRC release timer expires, and restarts after handover completes. 



Table 3 Percentage (%) of time in RRC_Idle
	Trace ID
	0.2 handovers/minute
	2 handovers/minute

	
	1s
	5s
	10s
	30s
	100s
	1s
	5s
	10s
	30s
	100s

	Trace 1
	85.47
	72.12
	63.31
	38.94
	19.43
	70.51
	63.31
	56.64
	35.40
	17.14

	Trace 9
	71.43
	56.97
	55.21
	28.15
	3.16
	23.81
	17.68
	10.67
	5.63
	0

	Trace 12
	69.24
	49.75
	27.59
	10.27
	0
	29.67
	13.57
	0
	0
	0


· Observation 3: With the increase of RRC release time, the percentage of time in RRC_Idle decreases, which induces rise of power consumption.
· Observation 4: Handover has large impact on power consumption, especially for Trace 9 and 12. With the increase handover frequency, the power consumption of UEs rises. 
3 Conclusion

This contribution presents an analysis of RRC signalling overhead and power consumption of the background and IM traffics of QQ service. From the evaluation, we observe that:
· Observation 1: The number of RRC state transition times decreases with the increasing of the RRC release time. When RRC release time is smaller than 10s (included), the overhead of RRC signalling due to state transition is unbearable, especially for trace 1, more than a half data transmission is caused by RRC state transition.

· Observation 2: Mobility speed has effect on the RRC signalling overhead. When RRC release timer is large, handover contributes the large part of RRC signalling overhead.
· Observation 3: With the increase of RRC release time, the percentage of time in RRC_Idle decreases, which induces rise of power consumption.
· Observation 4: Handover has large impact on power consumption, especially for Trace 9 and 12. With the increase handover frequency, the power consumption of UEs rises. 
We propose RAN2 to consider the configuration of RRC release timer to achieve trade-off between RRC signalling overhead and UE power consumption. 
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