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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 Physical Random Access [2] (abbreviated as Fast PRACH hereafter). During RAN1#34 meeting, the proposal was discussed along with the simulation contributions [3] and [4]. In the meeting, some concerns were raised that the gain of RACH Access Time reduction of the proposal was not clearly shown in the contributions. 

This contribution is to illustrate the RACH Access Time reduction gain brought by the Fast PRACH proposal. Link level simulation results on MAT from [3] are summarized together with the additional simulation results on Max Access Time. It is envisaged that link level simulation results alone can show the benefits of the Fast PRACH proposal in terms of RACH Access Time reduction since the link and system level simulation contributions [3] and [4] show very close results on MAT.

2 RACH Access Time definition

2.1 RACH Access Time

To investigate RACH access delay quantitatively, the values of some RACH and AICH timing relationship parameters are specified in the simulation and their definitions are illustrated in Figure 2.1 [5]. [image: image1.wmf]One access 
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Figure 2.1: 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.

In the following sections, two terms, Mean Access Time and Max Access Time are defined to describe RACH Access Time from simulation’s point of view.

2.2 Mean Access Time

The term Mean Access Time (MAT) is used 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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 is the number of preambles transmitted in one simulation run, 
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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), and 
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2.3 Max Access Time

We use the term Max Access Time to denote the maximum RACH Access Time observed in one simulation run. 

Since RACH Access Time is a discrete random variable according to our definition, its cumulative distribution function (cdf) is a step-wise function and the value of x%tile RACH Access Time (e.g. 99%tile) is ambiguous. According to above observation, only Max Access Time is studied in addition to Mean Access Time.

3 RACH Access Time reduction gain

Simulation assumptions and results are shown in Annex A and Annex B respectively.

3.1 Maximum reduction of RACH Access Time

Maximum RACH Access Time reduction can be obtained when the original RACH operation point uses the most conservative combination of initial preamble power and power ramp step while the Fast PRACH proposal employs the most aggressive one. Although this scenario is the extreme case, it can give some insight about the potential of the delay reduction brought by the proposal. 

Table 3.1: Maximum RACH Access Time reduction

	Access Time
	Conservative
	Aggressive
	Delay Reduction

	
	PA3
	VA120
	PA3
	VA120
	PA3
	VA120

	Mean Access Time (ms)
	49.3
	58.7
	15.3
	15.3
	34.0
	43.4

	Max Access Time (ms)
	95.3
	79.3
	15.3
	15.3
	80.0
	64.0


NOTE: The “Conservative” scenario uses initial Ec/N0 per antenna = -35 dB, and power ramp step = 1 dB. The “Aggressive” scenario uses initial Ec/N0 per antenna >= -15 dB, power ramp step can be any value in (1..8) dB due to the convergence of the simulation curves.

From Table 3.1, it can be seen that the maximum RACH access delay reduction could be around 30 ms or more in terms of Mean Access Time. In case of Max Access Time, the delay reduction is significantly larger.

3.2 RACH Access Time Reduction in an example case

Next we consider when the original operation point is not set to the most conservative way. The operation point of the example case is: initial Ec/N0 per antenna = -32 dB, power ramp step = 1 dB. Various power offsets for initial Ec/N0 per antenna and power ramp step are used and the delay reduction is shown in the figure. We only consider PA3 channel for simplicity. Some abbreviations in the legends of the figure: “Mean” denotes Mean Access Time while “Max” denotes Max Access Time; “Ramp + 1 dB” means the power offset for power ramp step is 1 dB, etc. 
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Figure 3.1: Delay Reduction in Example Case

It can be seen from the above figure that the gain of RACH Access Time reduction can be in the magnitude of tens of milliseconds.

4 Conclusion
Simulation results show that Fast PRACH proposal can bring tens of milliseconds RACH Access Time reduction. The gain would depend on the normal RACH operation point. It should be noted that all the simulations are performed without implementation margin. This implies that in realistic systems, the delay reduction gain might be larger if the impairments are considered.
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Annex A Simulation Assumptions

Table A.1: RACH preamble detection simulation assumptions

	Parameter
	Value

	Propagation conditions
	PA3, VA120

	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 time
	20,000 RACH Preambles


Annex B Simulation Results

[image: image8.png]50,

Evolution of Mean Access Time with respect ta initial SNR PA3

Mean Access Time (ms)

B

30 25 Bl 15
Initial Ec/No per antenna (dE)

-0




Figure B.1: Evolution of Mean Access Time with respect to initial preamble SNR (PA3)
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Figure B.2: Evolution of Max Access Time with respect to initial preamble SNR (PA3)
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Figure B.3: Evolution of Mean Access Time with respect to initial preamble SNR (VA120)
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Figure B.4: Evolution of Max Access Time with respect to initial preamble SNR (VA120)
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