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1 Introduction

In Tallinn meeting, the duration of a basic LTE RACH preamble was agreed to have 1msec and has additional prefix burst to help frequency-domain detection [1]. 
Based on the agreement, this contribution suggests the proper LTE RACH structure. The suggested structure has two reconfigurable parameters such as the preamble repetition factor and the number of circularly-shift (CS) sequences with a Zadoff-Chu (ZC) CAZAC. The service providers can configure the parameters suitable for a specific cell configuration.
2 Consideration on CS CAZAC 
Figure 1 shows the basic burst with 2-subframe length. The duration of CP1 and CP2 is the time gap to compensate fading-profile effect. Round-Trip Delay (RTD) is for the propagation delay due to UE location in a cell. The unknown timing duration at a RACH detector is the summation of CP1, CP2 and RTD. 

When designing basic RACH structure with CS ZC CAZAC, the CS resolution (G in figure 1) should be greater than (CP1+CP2+real_RTD). In addition, the timing margin except burst portion, in a structure, should be greater than (CP1+CP2+real_RTD). The timing margin should be greater than G. 
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Figure 1 : The basic signal structure of RACH preamble with CS CAZAC sequences
3 Why repetition rather than extension ? 

Using Extension, there can be the cases that adjacent cells use the different-length RACH burst as shown in figure 2. Since it uses different-length RACH burst, the cross-correlation property between cells may not be guaranteed. It may seem to have random property but should be examined. 
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Figure 2 : The cases using 2 different RACH bursts : An example case
So, we have examined code-domain cross-correlation property through the simulations with the parameters in Table 1 [2]. We assumed that 1061-chip CAZAC sequences are fully overlapped 541-length sequence. The generation index k of each sequence are chosen sequentially (1~540 for 541-length code, and 1~1060 for 1061-length code). With those parameters, we get the CDF of normalized cross-correlation values in figure 3. 

As shown in figure 3, there are many cases that has higher cross correlation greater than 0.1. Note that the expected cross-correlation value of 541-length CAZAC with different-generation indexes is about 0.043 (=1/sqrt(541)). The CDF results show that 0.5% of combination shows the normalized correlation value greater than 0.2. 

Table 1 : The simulation parameters for examining extension 
	541-length CAZAC 
	Zadoff-Chu with generation index K1

	1061-length CAZAC 
	Zadoff-Chu with generation index K2

	K1
	All 540 cases (1 ~540)

	K2
	All 1060 cases (1~1060)

	Correlation value
	0~541 (0~1 after normalization)
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Figure 3 : The CDF of normalized cross-correlation values
To verify such effect, we observed the simulation results on FA due to long-chip preamble burst. We assumed that 1061-chip burst is transmitted and it is received by 541-chip CS ZC CAZAC detectors. To ease the simulation, 541-chip RACH detector uses 32 CS sequences with one ZC CAZAC. We have simulated 2 cases (K1 & K2 combination), and the obtained FA is shown in figure 4. We maintained the FA of case 1 is 0.01% by adjusting threshold of a detector, and used the same threshold to case 2.
(case1) K1=18, K2=87 : normalized cross correlation = 0.071

(case2) K1=18, K2=635 : normalized cross correlation = 0.206
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Figure 4 : The CDF of normalized cross-correlation values
From the simulation results, we can see that the FA of K2=635 is about 100 times that of K2=87 at 21dB Ep/No point. If the worsen case of higher normalized cross correlation occurs, the performance degradation is much higher. Note that R99 RACH always has the correlation values lower than 0.1. So, we suggest not using extension approach for RACH preamble. The working assumption of using repetition should be kept
Figure 5 shows the repetition approach for larger burst size. In figure 5, we ignore the additional burst in working assumption. We will examine its effect in later. We can see that the timing margin after preamble burst becomes longer. This means the longer RACH structure can accommodate longer cell size (due to longer timing margin). In addition, since the signal energy is M times greater, it can compensate the additional path loss.
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Figure 5 : Repetition approach for longer burst
In summary, the longer RACH structure can be used for two purposes, either supporting longer cell size or compensating larger path loss. However, as RTD longer, G should be longer also. That means the number of CS sequences with a ZC CAZAC decreases. To support 64 sequences in a RACH, the more ZC CAZACs are required for a RACH as the longer RACH duration. So, the code reuse factor decreases. The deep consideration on the path loss and the code reuse factor will be discussed in later sections.
4 The suggested RACH structure
4.1 A basic preamble structure
Since RAN1 agreed with 1msec basic RACH duration, we should examine its coverage at first. By using the parameters in TR 25.814 [3], we can get the link-budget results as in Table 2. We assumed that the required Ep/No is 17.5dB [2], and the shadowing margin is 8dB. We can see that the RACH coverage with 1msec burst and 24dBm Tx capability UE is about 1.6Km cell radius when using 20dB penetration loss. For larger cells greater than 3Km, it is very difficult to get desirable performances with several-frame burst if considering 20dB penetration loss. However, for larger cells, it is general to consider outdoor circumstance, and ignore penetration loss. If ignoring penetration loss, the required duration decreases greatly as shown in table 2. On the other hand, for the cell size greater than 10Km, the channel model is rural case rather than ITU-R. Note that the path loss of rural 30Km is almost equal to that of 5Km ITU-R. So, if the maximum burst length is up to 4 or 5msec (8~10 subframes), it is possible to cover most of all cell configurations even with 21dBm UE Tx capability.
Table 2 : The required subframes (8dB shadowing margin)

	Cell radius
	1Km
	1.6Km
	2Km
	3Km
	5Km
	10Km

	Antenna Height
	15m
	15m
	15m
	30m
	30m
	30m

	Path loss model
	ITU-R
	ITU-R
	ITU-R
	ITU-R
	ITU-R
	ITU-R

	Penetration loss
	20dB
	20dB
	20dB
	20dB
	0dB
	0dB

	UE Tx capability
	21dBm
	0.6 
	3.6 
	8.3 
	7.6 
	0.5 
	7.0 

	
	24dBm
	0.3 
	1.8 
	4.1 
	3.8 
	0.3 
	3.5 

	
	27dBm
	0.2 
	0.9 
	2.1 
	1.9 
	0.1 
	1.8 


With the parameters in figure 1, we can design several types of a basic RACH structure as shown in Table 3. As discussed in table 2, the basic RACH structure can be designed to match 1.6Km cell radius. So, we recommend using type 1 for a basic RACH structure. In that type, the number of CS CAZACs with a ZC CAZAC is 32, and the supportable cell radius is about 3Km. The type 3 has too small coverage for the real services that may have lots of undesirable situations. 
Table 3 : Three types of a basic RACH structure

	Type
	CP1/

CP2
	Adding burst
	Burst length
	A/G/G’

A : number

G/G’ : sample
	SF
	ZC CAZACs
	CP1 + CP2 + RTD
	RTD
	Code reuse factor
	Cell radius

[Km]

	1
	7
	56
	1811
	32/56/33
	1061
	2
	53
	53-14=39
	530
	3.03

	2
	7
	106
	1702
	16/106/62
	997
	4
	112
	G-14=92
	249
	7.16

	3
	7
	29
	1857
	64/29/17
	1091
	1
	112
	G-14=15
	1090
	1.16


4.2 Extending to larger bursts
On the other hand, it can extend RACH burst by repetition for either the additional path-loss compensation or the larger cell size. Since the path-loss value depends on real cell configuration, it is better for service providers to reconfigure the burst size. In addition, the RTD does not linearly depend on path loss, it is better for service providers to reconfigure the number of CS with a ZC CAZAC. 

For examples, if a certain cell needs 4-subframe-length burst to compensate path loss and RTD is 3Km, the service provider set the number of repetition as 2 and the number of CS is 32. If a certain cell needs 4-subframe-length burst and RTD is 6Km, the service provider set the number of repetition as 2 and the number of CS is 16. If the number of CS is 16, the code reuse factor decreases to 265. If a certain cell needs 4-subframe-length burst and the RTD is 30Km (384-sample duration), the service provider set the number of repetition as 2 and the number of CS is 4. In that case, the code reuse factor is about 60~80. If a certain cell needs 4-subframe-length burst and the RTD is 140Km (the maximum RTD size with a basic burst), the service provider set the number of repetition as 2 and the number of CS is 1. In that case, the code reuse factor is 16. I think such value does not make a problem since the cell size is so great.
Note that the length of a basic burst is about 2 subframes, the maximum supported RTD is about 150Km, which value is similar to that of R99 RACH.
5 Conclusions 

As conclusions, this contribution gives the following suggestions.
( It is better to use the one-length basic ZC CAZAC.

( The basic ZC CAZAC has following configuration with the parameters of figure 1.

	Type
	CP1/

CP2
	Adding burst
	Burst length
	A/G/G’

A : number

G/G’ : sample
	SF
	ZC CAZACs
	CP1 + CP2 + RTD
	RTD
	Code reuse factor
	Cell radius

[Km]

	1
	7
	56
	1811
	32/56/33
	1061
	2
	53
	53-14=39
	530
	3.03


- Adding burst has the identical length of G

- The timing margin except real burst should be greater than G
( It is better to use repetition rather than extension for larger cells

( If the maximum burst length is up to 4 or 5msec (8~10 subframes), it is possible to cover most of all cell configurations even with 21dBm UE Tx capability
( The following parameters should be reconfigurable and broadcasted on BCH

- The number of G with a ZC CAZAC, A in the above table, for a basic burst

- The number of repetition of a basic burst, M in figure 5

( The total duration of a RACH channel should be greater than ( M*(2G+A*G) ).
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