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1 Introduction
Fast DCH Setup is one of the study areas for Uplink Enhancements for Dedicated Channels [1]. One of the proposed mechanisms for Fast DCH Setup is Fast RACH [2]. In this document, link level simulation results are given to investigate the effect of initial preamble power and power ramp step on RACH procedure delay and interference.

The document is organized as follows. In Section 2, RACH preamble detection probability simulation is conducted. Section 3 studies the effect of initial preamble power and power ramp step on RACH procedure delay and interference. The conclusion is provided in Section 4.

2 RACH signature detection probability
RACH preamble detection simulation assumptions [5] are listed in Table 2.1 .

Table 2.1: RACH preamble detection simulation assumptions

	Parameter
	Value

	Propagation conditions
	Case 1, Case 3

	Number of diversity antennas
	2

	Preamble detection scheme
	Coherent

	Preamble detection window size
	32 chips

	Preamble detection false alarm probability
	< 0.001

	Samples per chip
	1

	Number of signatures
	1

	Pulse shaping filter
	Off


Simulation results on RACH preamble detection using above assumptions can be found in Figure 2.1 below.
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Figure 2.1: RACH preamble detection under Case 1 and Case 3

3 RACH procedure performance
The effect of initial preamble power and power ramp step on RACH delay and interference is investigated by link level simulation in this section. 

3.1 Simulation flowchart
The simulation process of RACH procedure in link level is shown in Figure 3.1:
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Figure 3.1: RACH procedure simulation flowchart

In Figure 3.1, 
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 is the power ramp step, 
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 is the number of preambles transmitted in one simulation run, and 
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 is the number of RACH accesses (one RACH access consists of one or more preamble transmissions with the last preamble detected). Simulation end criteria are selected to make the simulation time long enough to generate reliable results. There is no limitation on the number of preamble retransmissions, i.e. power ramping procedure will not stop until the preamble is detected. 

3.2 RACH access delay definition
To investigate RACH access delay quantitatively, the values of some RACH and AICH timing relationship parameters are specified in the simulation and their definition are illustrated in Figure 3.2 [6]. [image: image6.wmf]One access 
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Figure 3.2: Timing relation between PRACH and AICH as seen at the UE

In simulation, AICH_Transmission_Timing is set to 1, and (p-p = (p-p,min = (p-m = 20480 chips (4 access slots). We define the RACH access time as from the beginning of the first RACH preamble to the end of the RACH message part. 




TRACH_ACCESS = (NRACH_ACCESS – 1) * (p-p + (p-m + TTTI= NRACH_ACCESS * (p-m+ TTTI
where TTTI is 10 ms, NRACH_ACCESS denotes the number of RACH access attempts before the AICH ACK is received. RACH message part is assumed error-freely received and is not explicitly simulated.
The term mean access time (MAT) is used in the following simulation results to assess the RACH access delay. MAT is the expectation of TRACH_ACCESS and can be calculated in the simulation as:
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where 
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3.3 The definition for interference generated by RACH
The term mean total spent energy (MTSE) denotes the expectation of the consumed energy for one RACH access and can be calculated in the simulation by 


[image: image10.wmf]å

=

=

preamble

N

j

c

access

j

N

E

N

MTSE

1

0

)

(

/

1


where 
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 is the jth preamble SNR, j = 1, 2 …
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. SNR is used in the calculation to shown the concept clearly in link level. In above definition, the interference generated by RACH message part is not considered.
3.4 Simulation results

Simulation is performed to study the MAT and MTSE by varying the initial preamble power and power ramp step. Corresponding results for 3GPP Case 1 and Case 3 channels are shown in Figure 3.3 to Figure 3.6 below. The legends “1 dB”, “2 dB”, etc. denote the preamble Power Ramp Step [7]. The range of initial preamble SNR corresponds to the values defined for “Constant Value” in [7]. Since Increase/decrease of initial preamble power implies increase/decrease of initial preamble SNR, the following analysis will use initial preamble SNR for better description in link level.
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Figure 3.3: Evolution of MAT with respect to initial preamble SNR (Case 1)
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Figure 3.4: Evolution of MTSE with respect to initial preamble SNR (Case 1)
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Figure 3.5: Evolution of MAT with respect to initial preamble SNR (Case 3)
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Figure 3.6: Evolution of MTSE with respect to initial preamble SNR (Case 3)
Above simulation results show that there are turning points of MTSE curves. When the initial preamble SNR is less than the turning point, the fluctuation of MTSE curve is relatively small, which is a contrast to the sharp increase of the curves when the initial preamble SNR is greater than the turning point. The turning point itself varies for different radio channels and power ramp steps and the typical value is about -25 dB. 
When the initial preamble SNR is less than the turning point, the increase of initial preamble SNR and/or power ramp step can reduce MAT significantly. On the other hand, the increase of initial preamble SNR causes little additional interference, and MTSE will increase less than 3 dB when the power ramp step is increased.
When the initial preamble SNR is greater than the turning point, MAT curves tend to converge at the minimum RACH access time thus further offsets cannot bring significant MAT reduction. MTSE curves, on the other hand, rise significantly with the increase of initial preamble SNR, which means higher interference is generated if additional offsets are introduced.. 
4 Conclusion
This paper investigates the effect of random access initial preamble power and power ramp step on random access procedure delay and interference. Simulation results are provided to facilitate gaining an insight into the pros and cons of fast RACH proposal [2] from link level. Further system level simulation results can be found in [3].
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