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The Analysis of Ideal USF Expansion
1 Introduction
In the previous meetings, the performance of ideal USF expansion has been shown [1].This paper will discuss the ideal USF expansion with RR schedule algorithm further, and suggest the proper USF quantity which is needed to extend.
2 Simulation assumption
The traffic model used for all the simulations is the IM model with an arrival rate 1user/s. All the simulations do not have the web traffic. Other parameters set in following simulation are aligned with the parameters in 3GPP TR43.802 [2]. Table 1 shows some parameters of the simulations.
Table1 the parameters of the simulation
	Parameter
	Value

	Cell configuration
	Single cell

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

	RACH and AGCH BLER
	According to[3]

	Device type
	multislot class 1

	UL TBF delay release timer
	1s,2s,3s

	DL TBF delay release timer
	1s,2s,3s

	MCS
	MCS2

	USF number
	8,16,24,32/channel(Note)

	Schedule algorithm
	Round Robbin

	Arrival rate
	1user/s


Note: all the USF address can be used by users, and there is not a reserved USF address.
3 Simulation results
In TR43.802 [2], following network metrics are used to measure the network performance.
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For the IM model, loss of message and message transmission delay are used to measure the service performance [2].
The following figures will show the performance of ideal USF expansion with the uplink and downlink delay release timer (value is 1s, 2s and 3s respectively).
In figure 1 the performance of uplink and downlink data load against the uplink and downlink delay release timer is plotted.
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Figure 1 Data Load
From figure1, because the more users are multiplexed on a PDCH, the less dummy blocks a user will send with the RR schedule during the same delay release timer, and the uplink and downlink data load increases with the increase of USF address from 8 to 32. The users even they do not have new data to be sent will still be scheduled when the delay release timer is running. So the longer the delay release timer is, the more uplink blocks will be wasted. It is obvious that the data load has the biggest increase when USF expanded from 8 to 16.
In figure 2 the uplink and downlink LLC throughput is discussed.
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Figure 2 LLC Throughput
From figure 2, the trend of LLC throughput is similar as that of data load. With the USF expanded from 8 to 32, the LLC throughput increases from 20.6%~81.3%, and the larger value the USF is expanded to, the less the LLC throughput increases. 
In figure 3 the control load is plotted.
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Figure 3 CCCH Load
From figure 3, the CCCH is not the bottleneck with the traffic load of 1user/s. However, the LLC throughput does not increase proportionally with the USF from 8 to 32.It is because the increase of USF does not increase the absolute PDCH resources, so increasing USF address capacity can only increase the LLC throughput limitedly.
In figure 4 the ratio of loss message is shown.
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Figure 4 the ratio of loss message
The loss of uplink packet decreases remarkably with the USF expanded from 8 to 32. When the delay release timer is 1s, the loss of uplink packet is 0% with USF quantity equal to 16. When the delay release time is 2s, the loss of uplink packet is 0% with USF quantity equal to 24. When the delay release time is 3s, the loss of uplink packet is 0% with USF quantity equal 32. However, the increase of LLC throughput is not significant with USF from 16 to 32.The loss of downlink message is always 0% in different USF expansion case with different delay release timer.
In figure 5 the IM message transmission delay is shown.
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Figure 5 message transmission delay

From figure 5, with the increase of USF address, the network throughput increases, while the message transmission delay also increases. In order to balance the network performance and the user experience, the USF address should not be expanded to a too large value.

4 Conclusion
From the simulation, it is shown that increasing USF address capacity can improve the network LLC throughput and decrease the loss of message. However, the message transmission delay also increases when USF address is expanded. In the IM service, comparing the increase of transmission delay, the loss of message is more serious, and the users will pay more attention on whether the messages can be received or transmitted. It is also shown the LLC throughput increases fastest with USF address expanded from 8 to 16, the larger the USF address is expanded to, the slower the LLC throughput increases. Considering the trade off between the network performance and user experience, the USF address should not be expanded to a very large value. So the sourcing company proposes to set 16 to be an upper limit for USF address expansion.
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