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1. Introduction
For E-UTRA TDD, the random access procedure and preamble structure have been proposed in [1] and [2] separately. And in [2], the preamble sequence for small cell radius is given by making use of Zadoff-Chu sequences. Many contributions in recent two meetings discussed the non-synchronized random access channel design for large cell radius, such as 30km, 100km for FDD. So in this paper, we will mainly discuss in the situation the cell radius is medium how to design the non-synchronized random access channel for E-UTRA TDD. For this purpose, based on the E-UTRA TDD frame structure, the transmitter and receiver structure with DFT-s-OFDM modulation are given and at last, detail design for the non-synchronized random access channel where the cell radii are small and medium are described.
2. Zadoff-Chu Sequence
Firstly, we give a simple review of the sequence used for constructing the preamble sequence.
The equation of cyclic shifted Zadoff-Chu CAZAC sequence [4] is shown as follows:
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Where N is sequence length, an odd number, v is sequence index, S is cyclic shift interval, q is cyclic shift index, Q is the total cyclic shifted times.
If the cyclic shift index q is not equal to zero, the sequence is Zadoff-Chu sequence with Zero Correlation Zone (ZCZ), and we call it ZC-ZCZ. And if the cyclic shift index q is zero, the sequence is the original Zadoff-Chu sequence.

For the original Zadoff-Chu sequence if the length N is a prime number, there are N-1 Zadoff-Chu sequences, i.e. the maximum number of available sequences. 

For the cyclic-shifted Zadoff-Chu sequence, there are Q sequences with the same sequence index v because the sequence can be cyclic shifted Q times. It is obvious for the cyclic-shifted CAZAC sequence with length N, there are at most Q*(N-1) sequences are available.
3. Random Access Burst Design
In this section, a scalable preamble structure is given which length is different corresponding to cell radii. Two suggested preamble length formats are illustrated in Figure 4, and Figure 5, respectively for small and medium cell radii matching the requirements described in [3]. For small cell radius, the preamble format is based on the original special timeslots structure in E-UTRA TDD frame structure [5]. For medium cell radius, the guard interval GP1 is longer to satisfy large round trip time and the special timeslot UpPTS is extended in order to optimize random access performance. For each cell, the preamble format corresponding to cell radius should be predetermined and should be only one. In fact, an appropriate length of preamble is very important for Node B to detect correctly and efficiently. On the other hand, for UEs, information about preamble formats can be received from the broadcast channel.
3.1 E-UTRA TDD frame structure
The two preamble formats suggested for small and medium cell radii both are based on the special timeslots structure in E-UTRA TDD frame structure (LCR-aligned). Here for convenience, we show the frame structure in Figure 1.
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Figure 1 Frame structure of one pair of switching points between DL and UL traffic timeslot
In Figure 1, one 10ms radio frame is divided into two 5ms sub-frames. Each sub-frame contains 7 traffic timeslots and 3 special timeslots. The length of three special timeslot DwPTS, GP1 and UpPTS between TS0 and TS1 is 275us. And DwPTS is used for cell search and the RACH preamble sequences are transmitted in UpPTS. GP1 is the guard period at DL/UL switching point.
3.2 Transmitter and receiver structure

For the preamble sequence generation method, we prefer DFT-s-OFDM method considering this is the way to generate uplink data so system parameter design can be simplified and implementation complexity can be reduced. Meanwhile, the correlation characteristics of Zadoff-Chu sequence are only slightly affected by DFT-s-OFDM method proved in [8]. Here for example, the preamble sequence generated by DFT-s-OFDM modulation with two LBs for small cell radius is given in Figure 2.
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Figure 2 The generation structure of preamble code for EUTRA TDD preamble
Figure 3 illustrates the time domain preamble sequence detection algorithm in Node B. The Node B performs time domain correlation between received sequence and local-generated preamble code. If the result is larger than pre-set threshold, a random access sequence matching the local preamble code can be considered found.
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Figure 3 the time domain preamble sequence detection algorithm for random access
3.3 RACH channel structure
In this section, we give our consideration for different cell radii (shown with 5MHz cell bandwidth). The RACH frequency bandwidth is 1.25MHz.

Figure 4 shows the preamble format for small cell radius with a 50us guard interval which corresponds to 7.5km cell radius. The UpPCH length is 141.3us comprising two LBs (long blocks) and one 8us time interval for multipath delay protection. In Figure 4, multiple 1.25MHz RACH channels are allocated in UpPTS over the whole bandwidth to provide more access opportunities, which is very important for decreasing collision probability and improving correct detection probability.
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Figure 4 Preamble format for small cell radius
Figure 5 shows the preamble format for medium cell radius with a 191.34us guard interval which corresponds to 28.7km cell radius. The UpPCH length is 675us comprising ten LBs (long block) and one 8.33us time interval for multipath delay protection. From Figure 5 it can be seen that the length of longer GP1 is extended to 191.34 for larger cell radius and the UpPCH take the time frequency resource owned by TS1. The RACH channels number in this structure is configured by NodeB in line with the number of possible access users estimated. 
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Figure 5 Preamble format suggested medium cell radius
Details of the preamble formats are listed in Table 1. The guard interval, preamble length in time and sampling points, sampling frequency and available number of Zadoff-Chu for the two preamble formats are given. The last column lists the available number of Zadoff-Chu with different Cyclic Shift points corresponding to different cell radius. It is obvious that the increased cell radius results in an increased round trip time uncertainty. So in order to avoid increasing error detection rates, the Cyclic Shift points can be increased such that the available number of ZC will be reduced. But for large cell with long preamble, the available preamble number isn’t a problem.
Table 1 Detail parameters including available preamble sequences number for two formats
	Cell radius
(km)
	GP1 length
(us)
	Preamble time length(us)
	Preamble length
(points)
	Sampling frequency
(MHz)
	Number of ZC

	7.5
	50
	133.34
	144
	1.08
	138*4=552(CS=37)

	28.7
	191.34
	666.67
	720
	1.08
	718(no CS)


For small cell radius, the cyclic shifts points are 37 points and a total of 552 sequences are available. For medium cell radius, considering the round trip time uncertainty with larger cell radii, we choose the Zadoff-Chu sequences with different indexes so that a total of 718 sequences are available.

For larger cell radius, such as about 100km, the timeslot TS2 can be used for UpPCH and the timeslot TS1 is left as guard period. This structure isn’t detailed in this paper.
4. Conclusion
A preamble sequence scalability design is proposed for E-UTRA TDD. Two preamble formats including preamble length, guard interval, sampling frequency and the available number of ZC are given in detail.

In a summary, our opinions are listed as following:

· Original sequence constructing time domain preamble is chosen as Zadoff-Chu sequence

· Transmitter and receiver apply DFT-s-OFDM modulation
· Based on E-UTRA TDD frame structure, two preamble formats are given for small and medium cell radii separately. 
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