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1 Introduction

At the Tallinn meeting, there were some agreements on the RACH structure. Now, the interests on RACH should be changed to other issues such as power control, retransmission and detailed performances. However, such verification needs much time since it needs system-level simulations.
This document was written to examine the effect of open-loop power control (OLPC) for RACH signals through system simulations. The simulation results say that OLPC can reduce the other-cell interference (OCI) due to RACH signals rather than enhance RACH detection performance itself.

2 Modelling of System-level simulator
To verify RACH performances through system simulations, we used the system-simulation parameters for UL SCH in [1]. In addition, to match RACH configuration, we added some assumptions as follows.
- The RACHs of all cells occur at the same time (synchronous RACH allocation among cells)
- One RACH per frame

- Static system simulation (not dynamic simulation)

- No retransmission

- All cells use the same 1msec basic RACH preamble burst format
- The SF (spreading factor) of preamble is 1000.

- The required Ep/No for success detection is 17.5dB.

- The number of signatures in a RACH to avoid collision is 16.
- The Poisson distribution is used for RACH traffic generation.

- Zero cross correlation among the signatures in a RACH (due to CS CAZAC)

Just like UL SCH simulation, the decision of successful preamble detection is decided by the received SIR. The main difference is that the interference term is reduced by cross-correlation property. For successful detection, we used a pass/fail approach by deciding whether Rx SIR is greater than 17.5dB. If code collision occurs, we assume all colliding RACHs fail. Refer Appendix section to see the detailed RACH procedure used in the simulation. 
Since the used system simulator has traffic models, we had to decide the proper mean values for traffic generation. We got the mean traffic with the assumption of 1% or 16% collision probability for the UE side. That means that, if a UE sends RACH signals, it expects a 1% or 16% collision probability. Note that we assumed one RACH per frame. If there is more traffic, more RACH codes are needed per frame to maintain the collision probability. The Appendix shows that 0.21 calls/RACH are needed for 1% collision probability or 2.39 calls/RACH for 16% collision probability. 
We assumed that there are two UE Tx classes, 21dBm and 24dBm. In addition, we used the general open-loop power-control model for deciding Tx power (based on the below equation). In the simulation for this paper, we ignored the broadcasted interference term since current standardization does not consider it. Since FDD is being modelled, a mismatch between fast fading on the DL and UL is assumed.
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3 The effect of OLPC
To observe the effect of OLPC, firstly, we got the CDF received SNIR for entire simulation samples. Since the location of the UE is randomly selected in cell areas for each sample, the CDF of received SNIR could be regarded for representing entire cell area (ISD is 1.7km). We assumed UE Tx capability as 21 or 24dBm. Figure 1 and Figure 2 show the CDFs of received SIR (Ep/No) for 0.21 calls/RACH and 2.39 calls/RACH respectively. Varying the constant ‘const’ changes the margin of received UL power relative to the noise. 0 means that the Tx power is exactly equal to the suitable value calculated from the received DL signals. To see the case of not using OLPC, we add the case that UE always maximum Tx power for RACH signals. In figure 3, to help understanding, we show the Ep/No points that has 1% or 5% outage CDF from the results of figure 1 and figure 2. 
It is natural that the received SNIR increases as the constant increases. However, for RACH reception, it is sufficient to maintain 17.5dB Ep/No, and the higher Rx SNIR may be needless. From figure 3, if we set the constant value greater than 4, we can always get 95% SNIR CDF greater than 17.5dB. So, it is better to minimize such redundant Tx power and to reduce OCI due to RACH signal. This advantage can be seen in the results with higher call generation. In figure 2, at the region less than 20dB Ep/Io, the results without OLPC shows worse CDF than those with 6dB constant OLPC. Note that we assumed all cells use RACH resources at the same time. So, the OCI factor is suppressed by the spreading factor (SF) of preamble sequence. Even though it is suppressed, we can see that OCI is strong enough to deteriorate the RACH detection performance. If the resource allocation of neighbour cells was the SCH, the OCI due to RACH signal would not be suppressed, and its effect would be much greater. 
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Figure 1 : The CDF of received SNIRs (0.21 calls/RACH)
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Figure 2 : The CDF of received SNIRs (2.39 calls/RACH)
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Figure 3 : The Ep/No points that have 1% or 5% outage CDF
To verify that exactly, we measured OCI/No due to RACH signals in two cases. One is the case of transmitting maximum Tx without OLPC, and the other is the case of transmitting appropriate Tx power with good-OLPC. The configuration of observed cells is shown in figure 4. It is assumed that the RACH signal is generated at only the center cell (cell 0) and the neighbour cells are idle. Table 1 and 2 show the averaged OCI/No measured at each neighbour cell. 
We can see that the maximum Tx case makes greater OCI than the case with OLPC, especially in the adjacent sectors.. If neighbours have UL SCH slot at that time, whole interference give harm to neighbours SCH. However, if RACH slot is allocated, OCI is suppressed by the SF of the preamble, and its effect decreases. If using OLPC, we can suppress OCI less than noise values. 
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Figure 4 : The configuration of observed cells

Table 1. The OCI/No due to RACH signals (Constant value=6, 0.21 calls/RACH)

	[dB]
	Power Class = 21dBm
	Power Class = 24dBm

	
	OLPC
	Without OLPC
	OLPC
	Without OLPC

	Cell 1
	-21.8
	10.0
	-21.7
	13.1

	Cell 2
	-21.7
	10.8
	-21.6
	13.8

	Cell 5
	-19.8
	-4.4
	-19.6
	-1.4

	Cell 7
	-20.5
	-6.5
	-20.3
	-3.5

	Cell 8
	-20.6
	-6.2
	-20.4
	-3.2

	Cell 10
	-19.7
	-4.7
	-19.6
	-1.7


Table 2. The OCI/No due to RACH signals (Constant value=6, 2.39 calls/RACH)
	[dB]
	Power Class = 21dBm
	Power Class = 24dBm

	
	OLPC
	Without OLPC
	OLPC
	Without OLPC

	Cell 1
	-11.3
	26.7
	-11.2
	29.7

	Cell 2
	-11.3
	22.0
	-11.2
	25.0

	Cell 5
	-9.2
	5.8
	-9.1
	8.8

	Cell 7
	-10.0
	4.0
	-9.8
	7.0

	Cell 8
	-10.0
	3.7
	-9.8
	6.7

	Cell 10
	-9.1
	6.1
	-9.0
	9.1


4 Conclusions 

As discussed in section 3, OLPC can be applied to the RACH to reduce other cell interference, especially in adjacent sectors around the same NodeB. Whilst the benefits of this were not apparent in the lightly loaded RACH channel, reducing interference to other channels (such as the SCH) is clearly desirable.
In further meetings, other power-control effect such as power ramping or etc. will be examined by system simulator. 
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6 Appendix 
6.1 The parameters of system simulation
Table 3 : System Level Simulation Parameters for RACH

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	1732 meters

	Distance-dependent path loss
	L = 128.1+37.6log10(R), R in kilometers

	Channels
	TU1

	Shadowing standard deviation
	8 dB

	Penetration loss
	20 dB

	Shadowing correlation
	0.5 : Between cells

1.0 : Between sectors

	Antenna pattern(horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	UE power class
	21dBm(125mW), 24dBm(250mW)

	Minimum distance between UE and cell
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35 meters

	Random Access Band width
	1.25MHz

	RACH preamble codes
	16

	Node-B Transmitter/Receiver
	1 Antenn/2 Antennas

	UE Antenna Gain
	0 dBi

	BS Antenna Gain plus cable loss
	14 dBi 

	BS Noise Figure
	5 dB

	RACH User
	Dropped uniformly in entire cell

Generated by Poisson Distribution


6.2 The procedure of system simulation
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Figure 5 : The RACH procedure for system simulation

6.3 Collision probability in UE side
Though the analysis on collision probability was presented through some documents [2-4], the results had relation to the RACH opportunities. So, to expect the required RACH preamble codes, we simulated the collision probability with respect to the preamble sequences. As shown in figure 6, the call attempt served to maintain the collision probability increases with more provided sequences. We should note that the definition of call attempt is the call access rate per RACH and the distribution of it is based on poisson. Regarding the collision probability, we should consider it in UE side and eNB side. In UE side point of view, the RACH procedure results in the success, retransmission and collision which is conditioned on UE transmission. In eNB side point of view, the status of RACH is lead to success, retransmission, collision or idle. Of course, the probability is divided by total RACHs. So the served call attempt of eNB side is more than that of UE side, i.e. the collision probability is high in UE side. If the RACH is designed with 16 codes and 0.01 collision probability, it can cover about 2.4 call attempt in eNB and 0.2 call attempt in UE.
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Figure 6 : The collision probability in UE side and eNB side
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