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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]. During the last Tallinn meeting, it is discussed that the RACH sequence should be designed according to TTI based on one long sequence with repetition for large cell deployment. Since the working assumption on TTI becomes 1.0ms, the basic sequence length and ZCZ size (or equivalently ZCZ sequence count) shall be designed by considering the maximum coverage, multi-cell interference, easy implementation, and so on. This contribution considers the RACH sequence design based on the multi-cell interference and cell-size.
2. Basic for RACH sequences
2.1. Repetition Method for Sequence Extension
Although the sequence extension method for larger RACH length is more beneficial (more sequences and  ZCZ sequence count), the simplicity of repetition method is under consideration [2]. The repetition methods for extended RACH are described in Figure 1. When the basis sequence is repeated as the cell-size becomes large, the CP length should be increased also to mitigate the round trip delay spread as well as the channel delay spread. When the design point comes to the guard-time, the maximum service range should be considered. The longer guard-time consumes the more RACH time duration, which reduces the available sequence length. The shorter sequence length also induces detection ambiguity for large cell-size as described in [3]. In addition, since the larger cell-size incurs longer round trip, the ZCZ-size should be also changed according to the cell-size. 
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Figure 1. Basis sequence is a single long sequence during one TTI; CP should be longer as preamble repeats
2.2. ZCZ-size Variation
The ZCZ-size in time domain should be large enough to differentiate the different accesses from the UEs being separated by large distance. Therefore, the ZCZ-size (
[image: image2.wmf]ZCZ

t

) should be larger than/equal to the sum of maximum round trip delay(
[image: image3.wmf]RTD

t

) and channel delay spread(
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). Because the RTD depends on the cell’s coverage on RACH design (taking into account of some margin for handover UEs), the ZCZ-size, CP-length or Guard-time along with the preamble repetition information should be known to the UEs before RACH access. Figure 2 shows that the CP length and allowable circular shift may be different for different cell-size for proper RACH operation. If these parameters do not change according cell-size, the sequence ambiguity (due to longer RTD) can occur and sequence orthogonality among ZCZ sequences or low correlation property of CAZAC sequence can not be maintained.
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Figure 2. CP length and circular shift(CS) can be different according to cell-size
3. Sequence Design Considering Inter-cell Interference

For very large cell deployment, the RACH channel does not dominantly degraded by the interference. However, for small size cells (less than 5km), the RACH channel is severely affected by the inter-cell interference. Figure 3, 4 and 5 show the required preamble length and the available preamble margin to achieve the target Ep/No for both noise-limited environment and interference limited environment. These results are obtained by considering the target signal’s loss, noise power, shadowing and inter-cell interference from neighboring 18 cells, where ICI power is averaged over 1000 times. Comparing the red-lines (noise-limited cases) and the others, we can see that the required preamble length differs significantly. We note that the cell-edge UE experiences too much ICI (maximum ICI(Figure 3) > no power control(Figure 4) > power control (Figure 5), which limits the detection performance. Even with power control, the preamble margin is not enough to compensate the shadow loss of cell-edge UEs if cell-size becomes larger than 5km. From these figures, 1.0ms TTI will be sufficient for small cell-size and possibly larger cell can be supported with better configuration (antenna gain, Node-B height, and so on). For detailed simulation parameters, see the Appendix.
.
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Figure 3. Required preamble length with maximum ICI. Each UE uses full power for uplink transmission. Guard-time and CP length are assumed to be 100us for margin calculation. NBAntennaGain=20dBi
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Figure 4. Required preamble length with average ICI and without power control. 

Guard-time and CP length are assumed to be 100us for margin calculation. NBAntennaGain=20dBi
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Figure 5. Required preamble length with average ICI and power control.
Guard-time and CP length are assumed to be 100us for margin calculation. NBAntennaGain=20dBi
3.1. Sequence Design Examples

The following tables list up the possible choices according to RACH length and ZCZ sequence count. Table 1, 2, 3, 4 are RACH design example for RACH length 0.5ms, 1.0ms, 1.5ms, and 2.0ms respectively. Since optimal performance should be achieved up to 5km (as stated in [1]), the basic RACH design with coverage up to 5km will be a good approach. For 1.0ms RACH length, we can choose two options: A) Guard-Time: 55.5us, CAZAC-Length: 1117 or B) Guard-Time: 100us, CAZAC-Length: 1009. These two options support 5km range (best performance range) while satisfying the required preamble length even for no power-control environment. In addition, the system coverage is larger than 100km. In the following tables, the “ZCZ redefinition cell-size” means the maximum cell-size to achieve the number of ZCZ sequence count in the same column, where the guard-time and sequence design is selected from the same color column. For example as shown in Table 2 for ZCZ count 16 (orange) the corresponding CAZAC length is 1117, with the same length the corresponding cell size (orange) range is given when ZCZ count of 64, 32, 16, 8, 4, 2, 1 can be supported (e.g. up to 1333m, 64 ZCZ can be used).
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Table 1. RACH design example with RACH length 0.5ms.

	ZCZ count
	64
	32
	16
	8
	4
	2
	1

	Cell Size 
(m)
	1522
	3662
	7583
	14250
	24250
	36750
	49250

	CAZAC Length
	1213
	1181
	1117
	1009
	839
	631
	419

	Guard Time (us)
	15.1
	29.4
	55.5
	100
	166.7
	250
	333.3

	ZCZ redefinition Cell Size (m)
	1333
	3416
	7583
	15166
	30333
	60666
	121333

	ZCZ redefinition Cell Size (m)
	1125
	3000
	6750
	14250
	28500
	57000
	114000


Table 2. RACH design example with RACH length 1.0ms.
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Table 3. RACH design example with RACH length 1.5ms.
[image: image14.emf]


Table 1. RACH design example with RACH length 2.0ms.
3.2. Detection performance
Figure 5 shows the detection performance of RACH preamble with fixed ZCZ size and CP length, where one UE is allowed per RACH. To clearly illustrate the need to vary the ZCZ-size according to cell-size, only the detection performance without multi-cell interference is depicted. Assuming the RACH length of 1ms TTI, two cases are considered; 1) CAZAC length of 1117 with ZCZ count 16, and 2) CAZAC length 1009 with ZCZ count 8. Related simulation parameters are listed/illustrated in Appendix. Regardless of ZCZ size, the detection performance of both cases are similar within operational range (<7583m), where the code ambiguity does not exist. We note that the RACH signal cannot be detected when the cell-size becomes larger than the designed size (7583m). So we should consider the way to define ZCZ size according to the cell-size.
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Figure 6. RACH detection performance with fixed ZCZ and CP size, TU-3km/h, Node-B Height = 180m
Figure 6 shows the RACH detection performance of cell border UEs. Since cell border UEs can be interfered by the neighbor UEs, power control scheme can effectively reduce the miss detection probability. Note that even though ICI can be effectively reduced with power control, we can still see that the miss-detection probability is fairly high for cell border UEs. 
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Figure 7. RACH detection performance of Cell-Edge UEs (
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), TU-3km/h, Node-B Height = 90m
4. ZCZ sequence assignment
As the number of ZCZ sequences is cell size dependant, when ZCZ sequences are not sufficient, additional ZCZ sequence from the available set are added. In this case, since sequences do not posses zero-valued cross-correlation functions the multi-user interference increases with the number of users. Allocating dynamically the number of sequence in function of RACH load should be considered to limit the interference level. Firstly the ZCZ sequence from one of set are allocated to be randomly selected by the UE then when traffic load increase random selection from another set is allowed.

5. Summary

Followings are the summary of this contribution: 

· RACH design should consider the interference limited environment and UE power control. Without UE power control, the required sequence length becomes much longer than 0.5ms and approaches 1.0ms. 

· Guard-Time of a RACH should be selected so that the cell coverage of basic RACH length can be larger than 5km and easily extended to 100km. Under the 1ms TTI assumption, Guard-Time of 100us is preferable since it satisfies the required preamble length even for no power-control environment and provides coverage up to 100km at 8th repetition without sequence ambiguity.
· Cyclic prefix length and ZCZ-size should be variable according to the cell-size. Although initial sequence is designed for a specific cell-size (equivalently guard-time), the ZCZ sequence count can be improved for a smaller cell-size while is not easy for large cell-size. The cyclic prefix length should be also increased to reflect the longer round trip delay for the larger cell-size. 
· Since the total number of ZCZ sequence available from a single Zadoff-Chu sequence is less than 64, multiple indices assignment to a cell need to be considered.
· Therefore the system should not always use all the available preamble signatures in order to limit interference level but allow the use of a subset of signatures up to the maximum allowed as the random access load increase.
6. Conclusion

This contribution considered the sequence design of repetition sequence under interference limited environment. Basic RACH length should be longer than 0.5ms and the ZCZ size and CP length should be changed according to the cell-size. 
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8. Appendix
8.1. RACH design parameters
RACH design parameters and models used in the above text are described in Table 5. 

	Items
	Sub-items
	Value

	Configuration
	Cell deployment
	2 Tier (19 cells)

	
	Number of sectors
	1 or 3

	Path Loss
	Center frequency
	2.0 GHz

	
	Model
	Okumura-Hata [2]

	RACH
	Target Ep/No at Node-B
	18 dB

	
	RACH usage
	Cyclic prefix + Preamble + Guard time

	
	Bandwidth
	1.25 MHz

	
	CAZAC length
	1181/ 1117/ 1009

	
	Number of Sequence per RACH
	64

	
	Sequence Planning
	Disjoint multiple indices per cell

	
	RACH processing
	Frequency domain

	
	RACH Length
	0.5ms/ 1.0ms/ 1.5ms/ 2.0ms

	
	Guard-Time
	29.4us/ 55.5us/ 100us

	UE
	Tx EIRP
	24 dBm 

	
	Tx antenna gain
	0 dB 

	
	Tx antenna height
	2 m

	
	UE access model
	Uniform

	
	Shadowing standard deviation
	8 dB

	
	Users dropped uniformly in entire cell
	[image: image1]


	Node B
	Noise spectral density 
	-174 dBm / Hz

	
	Rx antenna gain 
	14 dBi [25.814] / 20 dBi

	
	Rx antenna height
	30, 90, 180 meters

	
	Rx antenna pattern gain
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	Noise Figure
	5 dB

	
	Cell-Size
	500m ~ 30km

	
	Network type
	Asynchronous

	
	BS position in the middle of the hexagon
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Table 5. Simulation parameters and models
8.2. Interference and target UE configurations for maximum ICI environment
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Figure 8. Single sector (left) and 3 sectors (right) cases

8.3. Cell-Edge definition

Cell edge region is defined as Figure 7. If the distance between UE and Node-B is larger than a threshold 
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, then the UE is defined as cell edge UE.
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Figure 9. Cell-Edge Definition

8.4. Initial power control

Initial RACH power of a UE can be estimated by the signal fading of downlink channels. Based on the path loss, UE can roughly estimate the initial transmission power to meet certain target level. 
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Figure 10. Initial Power Control Profile
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