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1   Introduction
According to [1], one of objectives is to evaluate signalling overhead with diverse data applications. In RAN2#75 meeting, how to measure signalling overhead was discussed [2].
In this document, we provide our methodology for evaluating signalling overhead, and present some simulation results with a different statistical method for signalling overhead. In addition, mobility is considered according to the agreements reached in previous meeting.
2   Modelling and Assumptions
The basic simulation assumptions are listed in the following:
Details of RRC messages
In the simulation, the three procedures are involved including RRC connection setup, handover and RRC release. The related RRC procedures are captured in the following figure.
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Figure 1 the Related RRC Procedures

In the above figure, the resource for preamble is not calculated because it is not dedicated for a UE. Besides the RRC messages, control plane PDCP data PDU header, RLC AMD PDU header, RLC status report and MAC header contribute to the signalling overhead calculation. Moreover, it is noted that the RLC status reports for UL RRC messages are transmitted individually as shown in Figure 1 and the RLC status reports for DL RRC messages are piggybacked with UL RRC response messages.
According to ASN.1, the typical lengths of RRC messages are calculated. And the total overheads are listed in following:
Table 1 Statistic of RRC Signaling Overhead

	UL

/DL
	Messages
	Total in byte

	RRC Setup

	UL
	RRCConnectionRequest
	7

	UL
	Buffer Status Report
	2

	UL
	RRCConnectionSetupComplete
	20

	UL
	Buffer Status Report
	2

	UL
	SecurityModeComplete
	13

	UL
	RRCConnectionReconfigurationComplete
	10

	UL
	Buffer Status Report
	2

	UL
	ULInformationTransfer
	13

	Total
	69

	DL
	RandomAccessResponse
	7

	DL
	RRCConnectionSetup
(UE Contention Resolution Identity MAC CE )
	38

	DL
	RLC Status Report
	3

	DL
	SecurityModeCommand
	11

	DL
	RRCConnectionReconfiguration
(radioResourceConfigDedicated)
	118

	DL
	RLC Status Report
	3

	DL
	RLC Status Report
	3

	Total
	176

	RRC Release

	DL
	RRCConnectionRelease
	10

	Total
	10

	UL
	RLC Status Report
	3

	Total
	3

	Handover

	UL
	Buffer Status Report
	2

	UL
	RRCConnectionReconfigurationComplete
	13

	UL
	Buffer Status Report
	2

	UL
	MeasurementReport
	19

	UL
	RRCConnectionReconfigurationComplete
	13

	Total
	49

	DL
	RRCConnectionReconfiguration
(measConfig)
	32

	DL
	RLC Status Report
	3

	DL
	RLC Status Report
	3

	DL
	RRCConnectionReconfiguration
(mobilityControlInfo)
	87

	DL
	RandomAccessResponse
	7

	DL
	RLC Status Report
	3

	Total
	135


Statistics

The typical lengths of RRC messages are showed above. However, the actual resources occupied by RRC signalling are varied due to different MCS. Two statistics for signalling overhead are used, one is the Ratio of Signalling to Total Resource and the other is the Ratio of Signalling to Data, which are defined below separately.
The Ratio of Signalling to Total Resource is defined as:
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The Ratio of Signalling to Data is defined as:
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Other Simulation Settings

In the simulation, the related behaviours specified in the protocol (RRC/RLC/MAC/PHY) procedures are performed. The detailed simulation configurations and parameters are provided in Appendix.
3   Simulation Results
We simulate the signalling overhead for two types of traffic, one is IM traffic and the other is HTTP traffic. The downlink and uplink simulation results are provided separately. In the simulation, different idle inactivity timer and different movement speed of UE are simulated. Six figures are provided for each type of traffic, which represent the Ratio of Signalling to Total Resource and the Ratio of Signalling to Data for PDSCH, PUSCH and PDCCH respectively. And different colour lines indicate different values of idle inactivity timer in the figures. The simulation results are listed below. 
3.1   IM
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From the above results, we can find that the ratio of signalling to total resource increases with the UE movement speed increasing. However, the ratio of signalling to data decreases with the movement speed increasing when the idle activity timer is smaller than 4s (i.e. 0.3s or 1s). 
In addition, we can get the total signalling overhead of all online UE from the results. For example, when inactivity timer is set to 4s and the UE movement speed is set to 120 Km/h, the downlink Ratio of Signalling to Total Resource per UE is nearly 0.02%. If the number of online UE is 600, then the total signalling opccupy about 12% of total resource.
3.2   HTTP
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As the figure shown, the RRC signalling overhead increases along with the increase of the inactivity timer when the UE movement speed is more than 30 Km/h. Because the average reading time of HTTP traffic is 30s, the UE with the small inactivity timers will stay in RRC_IDLE state during the reading time mostly and the handover times for the UE is less. So the RRC signalling overhead with 300ms inactivity timer is smaller than that with other larger inactivity timer.
In the same way, the total signalling overhead of all online UEs for HTTP traffic can be calculated. We take the case of 4s idle inactivity timer and 120Km/h speed as an example, the downlink Ratio of Signalling to Total Resource per UE is nearly 0.01%. If the number of online UE is 600, then the total signalling occupys about 6% of the total resource.
4   Conclusion
We evaluate RRC signalling overhead of diverse data applications from two aspects, one is the ratio of signalling to total resource and the other is signalling to data. From the ratio of signalling to total resource point of view, we think that the results are acceptable. However, the ratios of signalling to data of IM traffic are a bit large, which are 217% and 90% for downlink and uplink corresponding to 300ms inactivity timer and 0Km/h speed.
We kindly request RAN2 to agree on the following proposal:

Proposal 1: To capture the simulation assumptions and results in the TR.36.822.
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6   Appendix
6.1   Basic Simulation Assumptions
Table 2 Simulation Assumptions
	Parameter
	Assumption

	Simulation time
	300 s

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	Carrier frequency
	2GHz

	Cell layout
	Hexagonal grid, 19 sites, 3 cells per site, with wrap-around

	Number of UEs
	2 per cell

	Inter-site distance
	500m

	UE speed
	0, 30, 60, 120 Km/h

	UE trajectory
	20%UEs select direction randomly between -45 and 45 degrees, while others run directly. And the ones which run out of the 19*3 range will be wrap-arounded back.

	Handover A3 offset
	3dB

	TTT
	0ms

	L3 filter coefficient k
	4

	Antenna configuration
	2 tx , 4 rx (CELL) ; 1 tx, 2 rx (UE)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image18.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

etilt

V

SLA

A

,

12

min

2

3

q

q

q

q



[image: image19.wmf]dB

3

q

 = 10,  SLAv = 20 dB

The parameter 
[image: image20.wmf]etilt
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm – 10MHz carrier

	UE power class
	23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Channel model
	Large Fading channel model

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Lognormal shadowing model
	Reference to B1.4.1.4 in UMTS TR30.03

	Lognormal shadowing standard deviation
	8dB

	Correlation distance of shadowing
	50 ms

	Shadowing correlation
	Between sites
	0.5
1

	
	Between cells
	

	Penetration loss
	20dB

	CQI measurement period
	5 ms

	SRS reporting period
	5 ms

	Number of RLC ARQ max transmit
	16

	Number of MAC HARQ max transmit
	3


6.2   IM Traffic Model

Refer to [3]
6.3   HTTP Traffic Model
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Table 4 HTTP Traffic Model 
	Component
	Distribution
	Parameters
	PDF

	Main object size (SM)
	Truncated Lognormal
	Mean = 10710 bytes

Std. dev. = 25032 bytes

Minimum = 100 bytes

Maximum = 2 Mbytes
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	Embedded object size (SE)
	Truncated Lognormal
	Mean = 7758 bytes

Std. dev. = 126168 bytes

Minimum = 50 bytes

Maximum = 2 Mbytes
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	Number of embedded objects per page (Nd)
	Truncated Pareto
	Mean = 5.64

Max. = 53
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Note: Subtract k from the generated random value to obtain Nd

	Reading time (Dpc)
	Exponential
	Mean = 30 sec
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	Parsing time (Tp)
	Exponential
	Mean = 0.13 sec
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