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1. Introduction

This document mainly concerns the random access burst parameters and preamble sequences design for LTE TDD frame structure type 2. In TS 36.211 [1], two preamble formats, normal and extended are given, and the normal format described in 36.211 can be applied in the special timeslot UpPTS for small cell. In this contribution, we call the format for small cell as ‘short’, and another three preamble formats, named, normal, extended and repeated are given for different cell radii employments. 
Except for the short format, a Guard Time is added to the preamble formats for protection of timing uncertainty such that the random access channels can be allocated in any uplink timeslots. And the length of the Guard Time is corresponding to the cell radius. At the same time, if the random access channels are allocated in the uplink timeslot far away from the DwPTS, the interference from TS0 and DwPTS in neighboring cells can be reduced.
2. Random access burst and preamble parameters
2.1 Random access burst structure
For LTE TDD frame structure type 2, a general burst structure for normal sub-frame is given in Fig.1. A guard time is added to avoid interfering to data timeslot because of the existing of the time uncertainty of the RACH preamble. No Cyclic Prefix is needed for the detection algorithm based on overlap-and-add method. The length of the random access burst is equal to n*675us, i.e. the length of n timeslots. On the other hand, based on the conclusion that the repeated version of a short sequence will be used for large cells instead of generating longer sequence,  the preamble in this burst may contain one Zadoff-Chu [2] sequence for mediate cells or the repeated version of one sequence for large cells. The Guard Time is corresponding to the maximum cell radius supported by this structure.

[image: image1.emf]Preamble Guard Time

n*675us


Fig.1 General random access burst structure
In Fig.2 three burst structures, normal, extended and repeated structures are given. For the normal structure, one 533.33us preamble is transmitted, and for extended and repeated structure, this preamble is separately repeated two times and three times to obtain longer preamble and better detection performance. On the other hand, the length of this structure is n*675us, so the random access channel can be allocated in any Uplink channel with great flexibility.


[image: image2.emf]Normal

Preamble Guard Time

675us

533.33us

141.67us

Preamble Guard Time

675us×2＝1350us

533.33us×2＝1066.66us 283.34us

Preamble

425.01us

Preamble Guard Time

675us×3＝2025us

533.33us×3＝1599.99us

Preamble Preamble

Extended

Repeated


Fig.2 Normal, Extended and Repeated structures for LTE TDD type 2
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 seconds defined in TS 36.211 [3], random access burst parameters for the four formats are listed in table 1. For the four formats, the length of CP is zero, and the parameter of the Guard Time is not listed.
Table 1 Random access burst parameters
	Frame structure
	Burst type
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	Type 2
	Short
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	Normal
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	Extended
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	Repeated
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2.2 Preamble sequence parameters
In order to reduce the interference from neighbor data sub-carriers, 1 sub-carrier protection on each side of the preamble is needed. For short format, 144 sub-carriers can be used and prime length 139 is selected. The prime length 139 is corresponding to 69.5 sub-carriers per symbol and then left 72-69.5 = 2.5 sub-carriers protection. There are 1.25 sub-carriers protection on each side of the preamble. For the normal, extended and repeated formats, the length of Zadoff-Chu sequence is 533.33us, which is corresponding to 8 OFDM symbols, i.e. 576 sub-carriers. The prime 557 can be selected, which is corresponding to 69.625 sub-carriers per symbol and then left 72-69.625 = 2.375 sub-carriers protection. There are 1.1875 sub-carriers protection on each side of the preamble.
Considering cyclic shifting, the short preamble format with prime length 139 can be cyclic shifted 4 times with the cyclic shift length 34. And for normal, extended and repeated formats, there are enough preambles available so no cyclic shifting is needed. But of course, if considering the constraint for high mobility cells, cyclic shifting can be done according to different cell radius. Details for the length of cyclic shifting are TBD.
The preamble sequence parameters are detailed in table 2.

Table 2 Random access preamble sequence parameters.

	Frame structure
	Preamble formats
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	Number of preambles
	Preamble sequences per cell

	Type 2
	Short preamble
	139
	34
	552
	16

	
	Normal preamble
	557
	[TBD]
	556
	

	
	Extended preamble
	
	
	
	

	
	Repeated preamble
	
	
	
	


3. Conclusion
Details about random access burst structures and preamble sequence parameters for LTE TDD frame structure type 2 are discussed in this contribution. Three new random access burst structures with Guard Period are introduced so that the random access channels can be allocated in any uplink timeslots.
For different cell radius with different Guard Period, these preamble formats can be flexibly configured by high layers so that a good balance can be made between performance and overhead.
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