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The Comparison between EPRACH and IPA
1 Introduction
In the previous meetings, the Immediate Packet Assignment (IPA) [1] has been introduced into the Rel-11. Using IPA, it is possible to assign packet resources for up to three MS in one Immediate Packet Assignment message. This can reduce the amount of messages on AGCH and relief the congestion of CCCH.
The EPRACH method has been presented in GERAN #55 [2]. In order to off-loading the load on CCCH, when the TBF is released, the MS should still wait on a PDCH for a short while instead of going back to idle mode on CCCH. During that waiting time, any further TBF establishment request takes place on the PDCH.
This document discusses the difference between them and compares the performance.

2 Discussion on impacts of EPRACH
The EPRACH makes many changes to the radio resource management. Following impacts should be discussed.
· In order to support the MSs on the PDCH sending Channel Request, the network should reserve a USF to schedule the uplink blocks for sending Channel Request. Some of these uplink blocks may be wasted and periodical reserved uplink blocks will increase the transmission delay of the uplink TBF. The downlink blocks used to send Packet Uplink/Downlink Assignment will increase. Usually the downlink traffic needs larger resource than the uplink traffic, and the increased Packet Uplink/Downlink Assignment will reduce the downlink throughput.
· EPRACH seems to reduce the load on CCCH, actually the CCCH load is not extinct. However, the load is moved from CCCH to PDCH which will increase the quantity of the blocked TBFs.
· Reliability of Packet Uplink Assignment in EPRACH is worse than that of IPA, since IPA is sent on BCCH carrier while PUA is not.

· The MS has no choice but stay on the previous PDCH within a timer period, and the network has no way to adjust these MSs, e.g. redirect them to other PDCH or request them to CCCH.
Comparing to the EPRACH, the IPA has no impacts on PDCH, and IPA can increase the CCCH capacity directly without any additional consumption. The summary of comparison between EPRACH and IPA is shown in Table 1. The next section will study the performance of EPRACH and IPA by simulation.
Table 1 the comparison between EPRACH and IPA
	
	CCCH load
	PDCH load
	TBF delay
	TBF Blocked
	Reliability

	EPRACH
	decrease
	increase
	increase
	increase
	decrease

	IPA
	decrease
	unchanged
	unchanged
	unchanged
	unchanged


3 Simulation assumption
In the simulation, the traffic model is IM model, and the session arrival rate is 1/s, 3/s and 5/s. The details are described in 3GPP TR43.802 [3]. Table 1 shows the parameters of the simulation.
Table1 the parameters of the simulation

	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
	8 PDCH and 4 PDCH on BCCH carrier

	RACH and AGCH BLER
	According to[4]

	Device type
	multislot class 1

	UL TBF delay release time
	2s

	DL TBF delay release time
	2s

	MCS
	MCS2

	USF number
	7/PDCH(Note)

	Schedule algorithm
	RR


Note: reserved USF=111 for the uplink block sending Channel Request.
EPRACH scheduling: 1 block (4 EPRACH bursts) per 52-multiframe, 240ms.

Table2 the parameters of EPRACH
	Parameter

	Value

	Non-DRX mode period
	8 s

	Extended UL TBF mode / Delayed release of DL TBF
	2 s

	Delayed reply in UL if no resources
	enabled

	Releasing of idle TBFs when resources are needed
	enabled


4 Simulation results

In TR43.802 [3], following network metrics are used to measure the network performance.
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For the IM model the following performance metrics, see [3], loss of message and transmission delay have been used.
In order to compute the cost of uplink blocks in EPRACH, the EPRACH load and EPRACH usage are used.
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 is the total number of uplink blocks which is scheduled to send Channel Request on PDCH by network.
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 is the number of EPRACH blocks on which the users send Channel Request.

The following figures will show the performance of EPRACH and IPA.
· AGCH load
In figure 1 the AGCH load is plotted.
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Figure 1 AGCH Load

The IPA consumes more AGCH blocks than the EPRACH. It should be mentioned that EPRACH consume more PDCH blocks than the saved AGCH blocks, see EPRACH load analysis.

· EPRACH load and usage
In figure 2 the EPRACH load and EPRACH usage are given which show the extra consumption of radio blocks on PDCH.
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Figure 2 EPRACH Load and EPRACH usage

When the EPRACH block is scheduled every 240ms, the EPRACH load is about 8%. If less delay is required, more frequent scheduling should be used, which will cause higher EPRACH load which will further decrease the PDCH efficiency. However, the EPRACH usage is only 3%~7%, so lots of EPRACH blocks are wasted which means EPRACH consumes more blocks on PDCH than the save blocks on AGCH, and it decreases the performance of uplink TBF.
· Packet Loss
In figure 3 the ratio of loss uplink and downlink packets is shown.
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Figure 3 the ratio of loss packets

The loss of downlink packets is zero in all scenarios. The loss of uplink packets in the EPRACH is larger than that of the IPA, because the EPRACH consumes more uplink blocks for sending control messages which cause more loss of uplink data packet.
· TBF transmission delay
In figure 4 the uplink TBF transmission delay is plotted. 
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Figure 4 the uplink TBF transmission delay

It is obvious the uplink TBF transmission delay of EPRACH is larger than that of IPA. In the EPRACH, if a MS is staying in idle state on a PDCH and if new data arrives, it cannot send Channel Request until receives the downlink block with USF=111. The network should schedule the USF=111 periodically in case a MS need send Channel Request on the PDCH, and the EPRACH blocks decreases the frequency scheduling uplink blocks. It results that the uplink TBF transmission delay increases.
· LLC throughput

In figure 5 the uplink and downlink LLC throughput is discussed.
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Figure 5 LLC Throughput

The throughput only includes the block used to transmit data. Because the uplink consumes many blocks for EPRACH, the uplink throughput is lower than IPA. The downlink throughput is nearly the same in IPA and EPRACH.
· Data Load

In figure 6 the performance of uplink and downlink data load against the session arrival rate is plotted.
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Figure 1 Data Load

The data load includes the blocks sending data and control messages, excluding the dummy blocks. On the uplink, the data load of EPRACH is slightly less than that of IPA, because some uplink blocks are scheduled for Channel Request when there is no packet arrival on the uplink, and these uplink blocks are wasted. On the downlink, the data load of EPRACH is slightly larger than that of IPA. It is because there are more Packet Uplink/Downlink Assignment messages on the downlink when the EPRACH is used. In fact, neither the uplink nor downlink data throughput increases in EPRACH.
5 Conclusion
This document analyzes the impacts of EPRACH, and compares the performance of the EPRACH and IPA. From the simulation, EPRACH wastes lots of uplink blocks and downlink blocks on PDCH, the PDCH resource consumed by EPRACH is larger than the saved AGCH resource. The EPRACH results in increasing the uplink TBF transmission delay and increasing the loss uplink packet. And in the future, GSM refarming will cause less PDCH resource than before, thus PDCH resource efficiency is more important.

And it should be noted that the analysis in this discussion can be applied to Hybrid Packet Channel since Hybrid Packet Channel has very similar mechanism as EPRACH. In another word, Hybrid Packet Channel has similar impact as EPRACH.
The source company suggests any methods improving the CCCH efficiency should consider the impact of PDCH, and the PDCH performance should not decrease.
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