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1. Introduction

The LTE requirements for deployment scenarios in terms of maximum cell range is up to 5 km, and also shall propose a good solution to larger cell size up to 30km and 100km [1]. For a large cell deployment, a long RACH was introduced to meet the round trip delay and large signal fading. Basic signal structures were commented in [2~7] and the sequence design for the long RACH was discussed via email reflector. The objective of the sequence extension is to provide more spreading gain for timing detection and signal fading, and possibly more access opportunity. In this contribution, two extension methods are compared and possible problems with sequence design are indicated. 
2. Sequences for Extended RACH
2.1. Zadoff-Chu and GCL sequences

There are two approaches on the sequence design for the extended RACH. 1) Extended method and 2) repetition method. Although there exists complexity issue with extended sequence, the usable number of sequence is much more than that of repetition sequence. The basic sequence used for both sequence can be Zadoff-Chu sequence or GCL sequence, where small set of zero correlation zone (ZCZ) sequences is also defined. The Zadoff-Chu sequence is defined as, [8]
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where p is prime to M and M is a positive integer. Given M, the maximum number of sequence 
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is obtainable if M is a prime number, where 
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. Zadoff-Chu sequence is a constant amplitude and zero autocorrelation (CAZAC) sequence. The circular shifted version of a Zadoff-Chu is also a CAZAC and shows orthogonality with the original sequence. On the other hand, the periodic cross-correlation between different indices, 
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,  shows very low correlation value, 
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The GCL sequence is defined based on Zadoff-Chu as follows, [8]
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where 
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 is a Zadoff-Chu sequence and 
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 is a modulating sequence. The modulating sequence shall be an orthogonal sequence such as Hadamard or DFT sequence. For the GCL sequence, the constraint length has a constraint, 
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.  The periodic autocorrelation of GCL sequence shows a zero correlation zone (ZCZ), which is divided by periodic peak at multiples of t or sm. Therefore the length of ZCZ is t-1 or sm-1. 
2.2. Repetition Method and Extended Method for Sequence Extension
The candidate sequences for extended RACH are described in Figure 1. The benefit of repetition is simple generation of long RACH signal without any additional complexity. On the other hand, the extended sequence should be generated according to the RACH length, which may vary over regions. However, since the sequence length becomes long in extended sequence, we can easily see that the number of usable mother sequences also increases. 
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Figure 1. Repetition sequence usage(left) and extended sequence usage (right)

If the RACH signal has a repetition, the signal detection can be easily performed with less correlation operations. Figure 2 shows a pattern of preamble signal, where at least one repetition is inserted. This one repetition decreases the number of available sequences. Note that if a preamble signal should have a repetition, then the sequence length should be half of that in Figure 1.
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Figure 2. Including a repetition pattern for easy detection; 

Repetition sequence usage(left) and extended sequence usage (right)
2.3. Sequence Class

Currently there are three class of sequence usage. A) GCL or ZC with ZCZ, B) GCL or ZC with different indices, and C) hybrid of class A and class B. If the number of ZCZ sequences is sufficient, Option “A” will be best because the cross correlation among ZCZ sequences is zero over the concerned period. Otherwise, Option “C” is preferable, which will show smaller correlation value among 64 sequences than Option “B” if the number of ZCZ sequences per mother sequence is larger than 1.
2.4. Comparison of Sequence Extension

2.4.1. Extended Sequence

In the following equations, we consider only the RTD and path loss for the calculation of RACH. However, the other factors, such as penetration loss, shadowing loss, etc, should be also considered for better RACH design. If the required received energy of a RACH preamble is 
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, noise figure 
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 can be written as follows in dB.
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Since the length of required preamble is the concern, rearrange the above equation as following.
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It can be rewritten in the form of linear gain.
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After the determination of minimum required preamble length, the required number of subframe (1 subframe length is TTI) can be calculated as following:
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where 
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is the cyclic prefix and 
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 is the guard time. We note that 
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 is the sum of RTD and delay spread, where 
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 is equal to RTD. Then possible maximum length of preamble is given by
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This length may be longer than or equal to 
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, which is the minimum requirement for compensating path loss. Based on 
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, we can calculate the possible number of ZCZ, where ZCZ size is set to the length of CP.


[image: image36.wmf]ú

û

ú

ê

ë

ê

=

ú

û

ú

ê

ë

ê

-

-

=

CP

S

CP

CP

TTI

ZCZ

T

T

N

T

T

T

TTI

N

N

Sequence

Guard


2.4.2. Repetition Sequence

Based on a reference sequence design, repeat the sequence over subframes if spreading gain or guard/cyclic prefix requirement is not satisfiable. If we assume a basic service cell-size, then the reference sequence will be defined. For a given cell-size, we can use the equation for extended sequence design and use the result as “reference” sequence for repetition method. To determine if more subframes are required or not, three factors should be checked. 1) The spreading gain to compensate for various loss, 2) Guard time length to prevent inter-subframe interference, and 3) Cyclic prefix length to prevent correlation degradation among preamble sequences. Based on these points, the following can be written.


[image: image37.wmf]ú

ú

ù

ê

ê

é

÷

÷

ø

ö

ç

ç

è

æ

=

REF

-

Preamble

REQUIRED

-

Preamble

REF

-

Guard

REQUIRED

-

Guard

REF

-

CP

REQUIRED

-

CP

,

,

max

T

T

T

T

T

T

N

TTI


And the number of ZCZ sequences can be determined as the ratio between reference symbol sequence length and the CP length.
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Since various factors should be considered for real deployment, we also need to talk about the reference cell-size and reference sequences if repetition method is to be used. (These aspects are FFS)
2.4.3. Sequence Comparison
Table 1 shows the required number of subframes and corresponding the number of possible mother sequence and ZCZ sequences. Since the path loss depends on the antenna height, three cases are included for reference: Node-B antenna height = 30m, 60m, and 90m. Table 1 shows that 1 subframe can be used as RACH for the strict requirement distance of 25.913 (i.e., up to 5km, full performance). However, as the cell size increases, the number of required subframes increases and round trip delay becomes serious. Since the ZCZ length is directly dependent on the RTD, the number of differentiable ZCZ sequences for the same number of subframes would decreases. 

	UE to Node-B distance(km)
	1
	2
	3
	4
	5
	10
	15
	20
	30
	40

	Extended Sequence
	# of subframes
	1/

1/

1/
	1/

1/

1/
	1/

1/

1/
	1/

1/

1/
	1/

1/

1/
	3/

1/

1/
	10/

3/

2/
	27/

7/

3/
	110/

23/

10/
	302/

57/

22/

	
	Mother Sequence
	602/

602/

602/
	585/

585/

585/
	568/

568/

568/
	552/

552/

552/
	535/

535/

535/
	1702/

452/

452/
	5933/

1618/

993/
	16535/

4035/

1535/
	68243/

13868/

5743/
	188077/

34952/

13077/

	
	ZCZ Sequence
	40/

40/

40/
	25/

25/

25/
	17/

17/

17/
	13/

13/

13/
	11/

11/

11/
	18/

5/

5/
	45/

12/

7/
	95/

23/

8/
	265/

53/

22/
	553/

102/

38/

	
	# of sequences
	24080/

24080/

24080/
	14625/

14625/

14625/
	9656/

9656/

9656/
	7176/

7176/

7176/
	5885/

5885/

5885/
	30636/

2260/

2260/
	266985/

19416/

6951/
	157e4/

92805/

12280/
	180e5/

73e4/

12e4/
	104e6/

35e5/

49e4/

	Repetition Sequence
	# of subframes
	1/

1/

1/
	1/

1/

1/
	1/

1/

1/
	1/

1/

1/
	1/

1/

1/
	3/

2/

2/
	12/

3/

3/
	31/

7/

4/
	128/

26/

10/
	352/

66/

25/

	
	Mother Sequences
	535
	535
	535
	535
	535
	535
	535
	535
	535
	535

	
	ZCZ Sequence
	36
	23
	17
	13
	11
	5
	4
	3
	2
	1

	
	# of sequences
	19260
	12305
	9095
	6955
	5885
	2675
	2140
	1605
	1070
	535


Table 1. Comparison of Extended Sequence and Repetition Sequence 
(Node-B antenna height = 30m/60m/90m); Reference cell-size for repetition sequence is 5km
Note that we used the sequences designed for 5km cell-size as “reference sequence” to generate repetition sequences. (If the cell-size of reference design is changed, the table result will be different. But the general trend of total sequence count would be the same.) In this table, we note that the number of ZCZ sequences is not sufficient for 6bits (64 sequences) for both repetition method and extended method (to achieve the 64 ZCZ we need to increase the number of subframes allocated to RACH). And the number of available sequences is quite small to give sufficient reuse factor even for antenna height 90m up to 30km cell-size, where the RACH length is determined according to random access requirement (such as RTD and path loss). This may call for stricter cell planning for large cell-size.
Moreover, from Table 1, the number of required subframes for large cell-size is so huge for both extended method and repetition method. The resultant overhead of RACH and the opportunity of random access will be limited by the physical resource. In other words, we can not insert RACH into frames frequently, which reduces the random access opportunity.  Therefore, the number of subframes per RACH slot should be minimal for all the case to increase the RACH opportunity, while the RACH requirement should be satisfied. Generally, the path loss does not increase linearly (actually much faster) according to cell-size as the RTD does, so the repetition method would not show efficient resource usage for long RACHs due to sequence length granularity. 
	
	Extended method
	Repetition method

	Resource usage
	Full usage of allocated resource
	Not optimal

	# of mother sequences
	Proportionally depends on cell-size
	Fixed 

( # of reference sequences)

	# of ZCZ sequences
	Non-zero ≥ 1
	Goes to 1

	Cross-correlation among different indices
	Enhanced
	Same

	Complexity
	Relative high
	Low


Table 2. Sequence property as the cell-size increases

Table 3 shows the maximum supportable cell-size, guard time, sequencel length, ZCZ count, and total number of possible sequences according to the RACH length. For example, in the case of small cell (less than 10km), the number of available sequences with 1 or 2 subframes is much small. The main reason for the small number of sequences is the size of ZCZ, because the RTD limits the number of ZCZ sequences. On the other hand, if we use more subframes for RACH, in the case of large cell, we see that the size of ZCZ sequences does not increase significantly because the RTD increases also linearly according to cell size. Instead, the length of sequence becomes long and gives more different sequence indices. However, we should consider that the allocation of several subframes for a single RACH slot is not desirable due to RACH overhead. (note: there can be 1.25MHz Node-B and 5 subframe RACH will cause 1/4 waste per frame)
	Number of Subframes
	Node-B Height
	Max Cell Size (km)
	Guard Time (us)
	Cyclic Prefix (us)
	Sequence Length
	ZCZ count
	Max # of Sequences

	1
	30m
	7.4
	49
	54
	495
	7
	3465

	
	60m
	10.7
	71
	76
	440
	4
	1760

	
	90m
	13.4
	89
	94
	395
	3
	1185

	2
	30m
	9.2
	61
	66
	1090
	13
	14170

	
	60m
	13.7
	91
	96
	1015
	8
	8120

	
	90m
	17.6
	117
	122
	950
	6
	5700

	3
	30m
	10.5
	70
	75
	1693
	18
	30474

	
	60m
	15.8
	105
	110
	1605
	11
	17655

	
	90m
	20.5
	137
	142
	1527
	8
	12216

	4
	30m
	11.4
	76
	81
	2303
	22
	50666

	
	60m
	17.4
	116
	121
	2203
	14
	30842

	
	90m
	22.7
	151
	156
	2115
	10
	21150

	5
	30m
	12.2
	81
	86
	2915
	26
	75790

	
	60m
	18.7
	125
	130
	2807
	17
	47719

	
	90m
	24.6
	163
	168
	2710
	12
	32520


Table 3. Maximum supportable cell size according to the number of subframes.

It also shows corresponding number of sequences
2.5. Summary

Followings are the summary of the current issues: 

·  Since the number of possible ZCZ is not enough to make 64 sequences without wasting resource, option “A” is not appropriate. For option “B”, if we utilize the ZCZ, the more sequences are available, i.e., the sole usage of different indices is not preferable in the point of the number of sequences. Therefore option “C” is promising toward the discussed number of sequences

· In the point of resource utilization and the number of available sequences, extended method is preferable. Since the correlation of different indices is given by 
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, the correlation of repetition sequence is poorer than that of extended sequence for large cell. But it requires more complexity.

· If sequences with different indices are mixed into a RACH slot, the correlation property among different index sequences becomes important. Since ZC shows better cross correlation property than GCL and there is less constraints on the sequence length of ZC, ZC sequence is preferable. 
Long RACH design shall consider following issues:
· Large amount of RACH resource can be required for very large cell deployment.

· If the number of opportunity should be satisfied even for every large cells, the sequence assignment to each RACH slot should be flexible.
3. Conclusion

This contribution considered the sequence design of extended RACH for large cell deployment. First the candidate sequences for extended RACH are compared. Second, some problems with large-cell RACH are introduced. For large cells, the RACH overhead becomes serious and shall be considered when RACH is designed.
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5. RACH design parameters
RACH design parameters and models used in the above text are described in Table x. 

	Items
	Sub-items
	Value

	Path Loss
	Center frequency
	2 GHz

	
	Model
	Modified Hata 

	RACH
	Target Ep/No at Node-B
	18 dB

	
	RACH usage
	Guard time + cyclic prefix + preamble

	
	Bandwidth
	1.25 MHz

	
	UE access model
	Poisson

	
	UE distribution
	Uniform over a cell

	UE
	Tx EIRP
	24 dBm 

	
	Tx antenna gain
	0 dB 

	
	Tx antenna height
	2 m

	Node B
	Noise spectral density 
	-174 dBm / Hz

	
	Rx antenna gain 
	14 dB

	
	Rx antenna height
	10, 30, 50, 70 meters

	
	Noise Figure
	5 dB


Table 3. Simulation parameters and models
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