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1. Introduction

The non-synchronized random access channel (RACH) is used for the initial physical channel connection including resource request for channel-dependent scheduling in the uplink. The minimum bandwidth of non-synchronized RACH is 1.25 MHz in the current TR [1]. However, for accommodating large number of RACH attempts, larger frequency resources than 1.25 MHz is necessary depending on the number of UEs per cell and traffic load, etc. Therefore, in this contribution, we compare the two radio resource allocation methods for non-synchronized RACH with 5-MHz allocation: (1) four parallel uses of 1.25-MHz RACH and (2) 5-MHz RACH.

2. Comparison of RACH Structure for Wider Bandwidth than 1.25 MHz
Before explaining the evaluation methodology and evaluation results, Figure 1 shows the definition of basic parameters for non-synchronized RACH in the evaluation. And, Table 1 lists the assumed values in this contribution.
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Figure 1 – Basic parameters for non-synchronized RACH
Table 1 – Definition of the symbols and assumed values

	Symbol
	Definition
	Assumption value

	BWRA
	Bandwidth of each frequency block of non-synchronized RACH
	1.25 MHz or 5 MHz

	BWtot
	Total bandwidth of non-synchronized RACH
	5 MHz

	TRA
	Length of time slot for non-synchronized RACH
	0.5 msec

	TRA-REP
	Transmission interval between time slots
	10 msec

	NT (= 1/TRA-REP)
	Number of time slots per second
	100

	NF (= BWtot/BWRA)
	Number of frequency blocks per time slot
	4 for 1.25 MHz

1 for 5 MHz

	Nsign
	Number of preamble sequences 
	16 for 1.25 MHz

64 for 5 MHz

	 
	Average number of non-synchronized RACH attempts per second
	Parameterized

	k
	Number of non-synchronized RACH attempts occurred at the same time slot and frequency block
	Parameterized


2.1. Capacity of Non-synchronized RACH to Satisfy Required Collision Probability

First, we investigate the collision probability of non-synchronized RACH using the similar scheme to [2]. We assume a simple Poisson distribution for the model of non-synchronized RACH attempts. In this case, the collision probability per one signature sequence transmission, Pcollision_sign, is given by
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where  is the average number of non-synchronized RACH attempts per second. Furthermore, the probability which at least one collision happens within a time slot, Pcollision_slot, is represented as
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Figure 2 shows the collision probability per time slot, Pcollision_slot, as a function of . Here, the value of NF x Nsign is parameterized. From the figure, we can see that when  is approximately 100, NF x Nsign of 64 is necessary to achieve Pcollision_slot of 10-2. Therefore, assuming Nsign of 16 per 1.25 MHz bandwidth, we can see that either of NF = 4 parallel use of 1.25-MHz RACH or single (NF = 1) 5-MHz RACH is necessary. Therefore, in the following evaluation, we assume four parallel use of 1.25-MHz RACH and single 5-MHz RACH for  of 100.
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Figure 2 – Collision probability per time slot

2.2. Influence of Intra-cell Interference among Non-synchronized RACH Attempts
Next, we investigate the influence of intra-cell interference among non-synchronized RACH attempts at the same time slot and frequency block. We again assume a simple Poisson distribution for the model of non-synchronized RACH attempts. The probability which k non-synchronized RACH attempts are occurred at the same time slot and frequency block, P (X = k), is given by
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Figures 3 show the complementary cumulative distribution function (C.C.D.F.) of the number of non-synchronized RACH attempts at the same time slot and frequency block, k, for NF = 1 and 4 assuming 1.25-MHz RACH and 5-MHz RACH, respectively. From the figures, we can see that when  is 100 and TRA-REP = 10 msec, k becomes less than 4 and 2 for NF = 1 and 4, respectively, at the 99% probability.
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Figure 3 – C.C.D.F. of number of RACH attempts at the same time slot and frequency block
Finally, we investigated the required average received signal energy per preamble sequence-to-noise power spectrum density ratio, Ep/N0, considering the influence of intra-cell interference from non-synchronized RACH attempts received at the same time slot and frequency block. Without the intra-cell interference, the required average received Ep/N0 for achieving the miss detection probability (MDP) of 10-2 and false alarm rate (FAR) of 10-3 is G0 = 17.5 and 17.1 dB for 1.25 and 5 MHz bandwidth, respectively, from the link level simulation results in [3]. When k non-synchronized RACH attempts are occurred at the same time slot and frequency block, the required average received Ep/N0 to achieve the same target MDP and FAR is approximated by
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where Nsymbol is the number of symbols of preamble sequence. 
Figure 4 shows the required average received Ep/N0 as a function of k. Here, we assume Nsymbol = 450 and 1800 for 1.25 and 5 MHz, respectively, since TRA = 0.5 msec including 0.1-msec guard time is assumed. From the figure, we can see that the larger bandwidth of the frequency block is more robust to the intra-cell interference from non-synchronized RACH attempts. However, from Fig. 3, when  is 100 and TRA-REP = 10 msec, k becomes less than 4 and 2 for 5-MHz RACH (NF = 1) and 1.25-MHz RACH (NF = 4), respectively, at the 99% probability. Then, assuming these k values, the difference of required average received Ep/N0 between four parallel use of 1.25-MHz RACH and single 5 MHz RACH is only 0.3 dB.
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Figure 4 – Influence of interference among non-synchronized RACH attempts
2.3. Consideration on Other Aspect
From the above evaluation results, single 5-MHz RACH is slightly better than four parallel uses of 1.25-MHz RACH due to larger frequency diversity effect from the viewpoint of required Ep/N0 performance (coverage). However the performance difference is very small. Meanwhile parallel uses of 1.25-MHz RACH has following merits.
· Small number of option

· More flexible resource assignment for RACH: For example, by allocating the multiple RACH slot serially in time within TRA-REP, the RACH slot interval can be reduced

3. Conclusion

Considering the case with wider frequency band allocation than 1.25 MHz for non-synchronized RACH to accommodate large number of UEs, we compared the two radio resource allocation methods for non-synchronized RACH: (1) four parallel uses of 1.25-MHz RACH and (2) single 5-MHz RACH.

From the evaluation results, we conclude that the use of four parallel uses of 1.25-MHz RACH can achieve comparable transmission performance (required Es/N0) as single 5-MHz RACH. Meanwhile, 1.25-MHz RACH is advantageous in that simple RACH structure is possible and that RACH slot interval can be reduced if four 1.25-MHz RACHs are serially transmitted in time.
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