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The Simulation Analysis of TD-Shared USF
1 Introduction
According to the analysis on the resource constraints in previous meetings, USF is one limiting factor on the PDCH [1]. One enhancement called time division based shared USF (TD-shared USF) [2] was proposed to increase USF capacity. 

The simulation of TD-shared USF on M2M service and IM service has been presented [3] [4]. In this contribution, performance of TD-shared USF is evaluated under IM model and web model according to TR43.802 [5].

2 Performance improvement

2.1 Simulation assumption
A protocol level simulator is used for the performance evaluation of the new multiplexing mechanism. This models RLC/MAC layer behaviour in a single cell environment.

Scenario: mixed IM service and web service, the users using IM service support the TD-shared USF.
One phase access procedure for UL data transmission is used. However, none of the RACH attempts is successful when more than one device send access attempt at the same slot. 
If there is no uplink PDCH resource, the network will send immediate assignment reject, and if there is no downlink PDCH resource, it will drop the packet directly. If the Channel Request of login message is rejected, this session is blocked. If the Channel Request of normal data message (i.e. chatting message) is rejected, this message is blocked, however, the following messages of this session can be sent with no impact. If the first packet of a packet call is dropped, the whole packet call is blocked. If the dropped packet is not the first packet of a packet call, the following packets of the packet call will be sent with no impact.
The simulation lasts 1000s (0~1000s), and the statistic starts from 20s to 980s.
Table1: Simulation parameters

	Parameter
	Value

	Cell configuration
	Single cell

	BCCH type
	Non-combined

	CCCH assumptions
	Tx-integer=20, S=109, M=4, T3146=(Tx+2S)/217=1.1s

	AGCH blocks per BCCH
	6

	Carriers/cell for PS alloction
	1 (on BCCH)

	Channels for PS alloction
	2 PDCH in downlink, 2 PDCH in uplink

	RACH and AGCH BLER
	According to[3]

	PDCH BLER
	10%

	Device type
	multislot class 1

	UL TBF delay release timer
	3s

	DL TBF delay release timer
	3s

	MCS
	MCS-2 (fixed, 28byte/radio block)

	USF number
	7/channel


2.2 Simulation results
2.2.1 Network performance
In TR43.802 [5], following network metrics are used to measure the network performance.
· Data load – defines how much PDCH resources have been utilized for data transmissions during a simulation in average in each direction. The transmissions include blocks on PDTCH and PACCH. The formula bellow defines the data load per the direction.
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· Control load – defines how much of system resources have been utilized for signalling on AGCH and PCH during a simulation.
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· LLC throughput per cell – is a measure of the amount of LLC data in octets transmitted in a cell over a simulation in the uplink respectively downlink direction. It does not take into the account retransmissions or signalling at RLC.
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The data load in both directions is shown in figure 1:
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Figure 1 Data Load
Because the TD-shared USF can increase the mutiplexing users in a uplink PDCH, it improves the data load of uplink remarkably. Because the downlink and uplink traffic are combined, i.e. each message needs a response from the opposite direction, with the increase of uplink data, the dowlink data load increases.
The simulation does not consider the PCH process, so the control load is only the AGCH block occupied. The control load is shown in figure 2.
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Figure 2 Control Load
When the TD-shared USF is used, the loss of login messages decreases and the total number of messages increases, so the channel requests send on RACH increase, and the number of used AGCH blocks increases.
The LLC throughput in both directions is shown in figure 3:
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Figure 3 LLC Throughput(Bytes/s)
Because the multiplexing users on the uplink PDCH increase and more uplink vacant blocks on PDCH can be used in TD-shared USF, the uplink LLC throughput increases remarkably. The uplink data load increases, so the downlink data load increases, and the downlink LLC throughput increases remarkably.
2.2.2 Service performance
· service performance for IM

The number of blocked TBF is used to evalue the performance of IM service, figure 4 shows the ratio of blocked login messages and data messages.
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Figure 4 The Ratio of Blocked TBF

From figure 4, in TD-shared USF, the ratio of blocked login messages decreases, so the total number of uplink and downlink messages increases. Because the multiplexing users on a PDCH increases in TD-shared USF, the uplink data throughput increases and the ratio of blocked uplink TBF decreases. Because the mutiplexing users on a PDCH in dowlink is 32, it is enough for the downlink TBF, and the number of blocked downlink TBF is zero.
· service performance for Web browsing
In GERANEMDA telco#4, packet call throughput has been decided as a service metric for web traffic, it is defined as follows:
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Figure 5 shows the PC throughput in different USF methods：
[image: image9.png]PC Throughput(Bytes/s)

1600

1400

i
~
1=}
15}

1000

800

600

400

200

Legacy USF

TD-shared USF





Figure 5 PC Throughput(Bytes/s)
Because the Packet Uplink ACK is prior to downlink data traffic, and the TD-shared USF increases the number of Packet Uplink ACK, the PC throughput decreases lightly, however, the PC throughput is nearly the same in both USF mechanisms.
3 Conclusion
TD-shared USF allows the same USF value to be shared by multiple devices on different radio blocks. This document presents the simulation result of TD-shared USF on mixed scenario. 
It is proved the TD-shared USF can relief the lack of USF resource effectively. The uplink throughput increases remarkably when TD-shared USF is used, and the performance is nearly the same in both USF mechanisms.
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5 Annex

Following tables are the traffic model parameters same as in TR 43.802 v0.0.6 used in the simulation.
Table1: IM traffic parameters

	Parameter
	Distribution type
	Mean value
	Comment

	Session arrival
	Poisson
	1/s
	

	Session length
	geom
	15 messages
	cut off: 40 messages

	Message interarrival time
	negExp
	20 s
	cut off: 50s 

	MO message size 
– DL part
	const
	139 Byte
	

	MO message size 
– UL part
	Pareto
	75.3 Byte
	α=1.476, k=24.3
cut off: 200Byte

	MT message size 
– DL part
	Pareto
	-
	α=0.529, k=20.4
cut off: 900Byte

	MT message size
– UL part
	const
	62 Byte
	

	Keep alive message size DL part
	const
	318 Byte
	

	– UL part
	const
	282 Byte
	

	Outgoing/incoming message split
	uniform
	50/50
	

	Login message DL part
	const
	1873 Byte
	


Table2: Web Traffic paraneters
	Parameter
	Distribution type
	Parameter value
	Comment

	Session arrivals
	Poisson
	Mean: 5/hr
	

	Number of packet calls in session
	Geometric
	Mean 5
	Max: 15

	Reading time between packet calls
	Geometric
	Mean: 425s
	Cut off: 600s


	Number of packet in a packet call
	Geometric
	Mean: 25
	Cut off: 40


	Packet size:
	Pareto
	Mean: 480Byte
	alpha = 1.1, k = 81.5
Cut off: 66666 Byte


	Packet inter-arrival time
	Geometric
	Mean: 0.125s
	Cut off: 0.5s
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