3GPP TSG RAN WG1 #46  
R1-062139
Tallinn, Estonia, Aug. 28 – Sep. 1, 2006
Agenda Item:
8.3.1
Source: 
Nortel Networks

Title: 
On the signal structures of non-synchronized RACH 
Document for:
Discussion and decision 
1 Introduction

In email discussion after Cannes meeting, most of companies including Nortel support to use Cyclic-Shifted (CS) CAZAC sequence as the preamble sequences. Using CS-CAZAC, multiple CS sequences with one mother code (Zadoff-Chu CAZAC) are detected at once by simple frequency-domain detection. We believe both RACH and UL pilot detector can share the same schemes, since the detection process of RACH is quite similar to that of UL pilot
However, it needs more discussion on the way to configure the signal structure for RACH. In this document, we suggest some guideline for designing signal structures and give examples of designed structures. 

2 Consideration on design requirements 
2.1 Consideration on CS CAZAC
Figure 1 shows the block diagram of RACH preamble with CS codes, and figure 2 shows its signal structure.
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Figure 1 : Tx block diagram of RACH preamble with CS CAZAC sequences 
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Figure 2 : The signal structure of RACH preamble with CS CAZAC sequences
In figure 2, the time gaps of CP1 and CP2 are reserved to avoid inter-subframe interference due to fading profiles and the parameter ‘A’ is the number of CS-CAZAC sequences generated by one Zadoff-Chu CAZAC sequence. In this RACH structure, the search window duration at RACH detector is the summation of CP1, CP2 and the round-trip delay (RTD). 
The search window should be less than the time duration of Cyclic Shift (G in figure 2, sample domain), if using an orthogonal allocation, and we can set the first requirement as “G > CP1+CP2+RTD.” That means the minimum burst length is fixed once we set the parameter of A and RTD. If it is difficult to make the burst of one-subframe duration with a given RTD and A, it should extend the burst up to multiple subframes. 
2.2 Consideration on other requirements
In this section we considered three requirements, the code reuse factor, the cell size and the path loss, that depend on real cell environments.

In rear field just like downtown, it is general a cell has more than 30 neighbor cells. If we use 1.x MHz system BW without network synchronization, the RACHs of adjacent 30 cells (10 NodeBs) may meet together. To avoid the false-alarm cases due to other-cell RACH signals and to ease the cell-design difficulty, the RACH sequences should guarantee higher code reuse factor. If we set 10 NodeBs (30 cells) as one cluster, we think that all cells in 7 clusters should have cell-specific preamble codes (see figure 3). This means that the code reuse factor should be greater than 210. Note that R99 RACH system has the code reuse factor of 512. So, we can set the second requirement as “The code reuse factor should be greater than 256.”
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Figure 3 : Code reuse configuration
According to TR 25.913, 30Km cell radius should be supported [1]. However, in real situation, some customers of WCDMA have requested to support over 150Km cell radius [5]. An example of such a case is for the coast areas of lots of island. If WCDMA customers with such environment wish to evolve to LTE, it is very difficult for such customers to change cell configuration. So, we set the third requirement as “The RACH should support maximum 150Km cell radius.” Please, keep in mind that the RTD of 150Km is about 2 subframe duration. 
On the other hand, from the link budget analysis with 20dB penetration loss and 24dBm UE Tx capability, the required burst may be up to 1 frame duration to support 5Km cell size [3]. So, we set the last requirement as “The RACH duration could be up to (at least) 1 frame.” 
2.3 Guidelines designing signal structure
Briefly, we can summarize the requirements considered in section 2 as follows.

- The timing offset in samples between adjacent CS sequences, G, should be greater than (CP1+CP2+RTD). 
- The code reuse factor is greater than 256

- The RACH should support maximum 150Km cell radius.

- The RACH duration could be up to (at least) 1 frame
So, we add the following approaches for designing RACH structure

- The multiple basic signal structures are derived to support various RTD values 

- Once deciding the basic signal structures according to RTD, we apply the repetition to compensate the maximum path loss
3 Signal structures 

To design the appropriate basic signals structures with the guidelines in section 2.3, we performed the following design flows.

< Assumptions : input parameter, not variable >

- The required code reuse factor (CRF) = 256 

- The required sequences in a RACH = 64

- The number of code elements in a sequence set = 256*64 = 16384

- The basic preamble sequences are circularly-shifted (CS) CAZAC.

- The ratio of time samples and used subcarriers is <128 : 75> [2]

- The spreading factor (SF) of code is calculated in freq. domain (if we use 923-sample burst, SF of code is 541)

- One subframe has 960 time samples 
< Flows > 

(0) Set the number of RACH duration, ‘N’, as 1.

(1) Decide the number of CS sequences in a RACH (assume the number is ‘A’ in figure 2)

(2) Calculate the number of total required mother CAZAC sequence numbers in a RACH. In addition, calculate SF to maintain code reuse factor greater than 256.
(3) Calculate the burst length by figure 2. Note that the burst length in samples is ‘A’ multiples of search-window duration ‘RTD+CP1+CP2 is almost equal to G’. 
(4) Calculate the spreading factor (SF) of CS code by <128:75 ratio>. Note that the SF (mother code length) is a prime number to maximize the number of mother Zadoff-Chu CAZAC sequences.
(5) Check whether SF of (4) is greater than SF of (2). If satisfied, go to (1) and repeat the design steps again with using the half number of CS sequences that lastly used. If not satisfied, quit the design flow. If there is no value satisfied, go to (0) and re-design with increased RACH duration (N ← N+1).
For an example, let’s start designing the RACH burst of type 1 in table 1. If A is 32, then we should allocate 2 mother codes in a RACH. Then required SF to maintain the reuse factor of 256 is greater than 512. If we assume the offset in sample for circularly shift is G. Then, 960-sample duration is almost equal to 33G. So, we set G as 28. Then, we have about SF of 541 and burst length of 923 samples (this is because of selecting SF as a prime number). Since the SF after (4) step is greater than 512, the obtained parameters are satisfied. Then, the remained time gap is 37. Since G is smaller than the remained timing gap, we select G to calculate the supported RTD. RTD=28-7-7=14. 

In this manner, as in table 1, we can get 4 basic signal structures to support the cell size up to 150Km. Keep in mind that larger RTD is supported by extending the burst size and code length, not repeating the burst. 
We have calculated the case that all 64 sequences are designed by CS CAZAC since its performance may be quite good, but we found that the supportable cell size is so small (see type F in table 1). So we set the first type as the smallest basic signal structure, and set total 4 basic structures (Type 1~4) as in Table 1.
Some companies may worry about the performances when several preamble sequences with different Zadoff-Chu CAZACs. However, according to the results in Appendix section, it may detect up to 15 simultaneous sequences at once if a simple one-stage parallel subtractive cancellation scheme is applied to a detector. Thanks to the advantage of interference-cancellation schemes, we can enhance the performance of RACH detector, and ease the detection problem when multiple preamble sequences are received at the same time.
Table 1 : The basic signal structures : total 4 types 
	Type
	RACH duration
[subframe]
	CP1/
CP2
	Burst

length
	A/G/G’
	Seq length (SF)

[number]
	Used ZC CAZACs in a RACH

[number]
	Real RTD
	Supported cell radius

[Km]

	1
	1
	7
	923
	32/28/16
	541
	2
	(G-14=14)
	1.09

	2
	2
	7
	1810
	16/113/66
	1061
	4
	(110-14=96)
	7.50

	3
	5
	7
	4354
	8/544/318
	2551
	8
	(446-14=432)
	33.7

	4
	10
	7
	7692
	4/1918/1123
	4507
	16
	(1908-14=1894)
	147.9

	F
	1
	7
	923
	64/14/8
	541
	1
	(14/0)
	0


On the other hand, as mentioned in section 2, even though it selects appropriate basic signal types according to cell size, the basic structures may not cover the path loss. In this case, we can apply RACH repetition as shown in figure 4. This approach can ease the implantation complexity for both UE Tx generator and NodeB detector. It is possible to inform the basic type and the number of repetition on SIB, but the exact way is FFS. 
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Figure 4 : The repetition of a basic signal structure : An example, type 1
4 Conclusions 

In this document, we suggest some guidelines to design RACH signal structures with CS CAZAC. The examples in table 1 can be good candidates for base signal structures. The base structures in Table 1 can support 256 code reuse factor and maximum 150Km cell radius. To compensate the deep path loss with a given RTD, we can repeat such base structures, which can ease the implementation complexity. 
In addition, if it uses the detector with a simple interference-cancellation technique, it is possible to reduce greatly the performance problem when multiple preambles are received at the same time.  
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6 Appendix : The multi-sequence detection
In this section, we have simulated the RACH schemes based on CS CAZAC. Since the main purpose of these simulations is to examine the advantage of multi-sequence detection schemes, we got the simulation results with the parameters of Type 1 in table 1. We used TU1-3Km channels with 2 Rx antennas. Of course, in the next meeting, we will prepare the simulation results with remained parameters.
We have used the frequency-domain threshold detection method in [4]. After the first threshold detection processes, we performed one-stage parallel subtractive interference cancellation process and re-performs the last threshold detection processes. In the cancellation processes, we subtract only the detected signals at the first detection processes. 
To get the result, we have simulated RACH detection 10,000 times and get the performances in figure A.1. To get the missing probability, we set the threshold to maintain 1% false-alarm probability at each RACH. 1% means we have one false-alarm detection (among 64 codes) in every 100 trials. In addition, we uniformly selected the Txed sequences. For an example, if we have to generate 5 sequences at the same time, we chose 3 CS sequences from one Zadoff-Chu CAZAC and 2 CS sequences from the other Zadoff-Chu CAZAC. In figure A.1, ‘NoIC’ means it uses the conventional RACH detector without interference-cancellation techniques, and ‘IC’ means it uses the multi-sequence detector with an one-stage interference-cancellation technique. ‘x’ in UEx is the number of Txed sequences at the same time. 
According to simulation results, the conventional detector without interference cancellation shows the performance saturation if the number of simultaneous Txed sequences is over 5. However, the multi-sequence detector that has IC can detect almost 15 sequences at once at the regions lower than 20dB Ep/No (1% missing, 1% RACH FA). 
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Figure A.1 : The missing probability of RACH preamble (1% RACH FA)

















































































