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1. Introduction

The present contribution considers the RACH burst and the transmission timing for LTE TDD based on frame structure type 2. Regarding the RACH burst type, it is proposed to have three burst types

· Short burst type (previously referred to as normal burst type) with a preamble length of 4096 x Ts
· Normal burst type (previously referred to as extended burst type) with a preamble length of 16384 x Ts and  Zadoff-Chu sequence length  NZC=557.
· Extended or repeated burst type with a larger preamble length, created either with extension or repetition of the preamble of the normal burst type. 

Regarding the transmission timing, it is proposed in [1] to reconsider the timing, and the following is proposed, with respect to the UEs timing.

· Transmission of a short RACH burst starts 768 x Ts (25us) after the end of DwPTS. 

· Transmission of a normal RACH burst starts at the beginning of an (uplink) subframe.  The RACH must not be received in subframe #1, and the guard period is not reused for guard time for RACH period.

· Transmission of the extended/repeated preamble could for the case that subframe #1 is allocated for guard period start possibly before the beginning of subframe #2. 

In the appendix, the proposed changes to 36.211 are described. 

2. Discussion

2.1. Short burst

The short RACH burst can be used in deployments with relatively small cell radius and where interference between eNodeBs due to propagation delays is not expected to be a problem. The delay before the UE will start the RACH transmission timing is taken as 768 time units (25us), that is, in the center of the guard period (GP) which is consistent with current 1.28Mcps UTRA TDD. This is illustrated in Figure 1 below.
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Figure 1 Transmission timing at the UE for the case with short preamble

The effective guard time for the RACH reception is then, neglecting time dispersion, the sum of the second half of the guard period in addition to the guard time of the current short RACH preamble, which is 256 time units (8.3us). The total guard time for RACH reception then becomes 1024 time units, or 33us. Neglecting any time dispersion, the maximum cell range then becomes 5km.   In Figure 2 the situation at the eNodeB is illustrated.
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Figure 2 Received RACH preambles at the eNodeB
2.2. Normal burst

The normal RACH burst, is used when the GP and the UpPTS are used as guard period between DL and UL. The total guard period is then 5888 time units (191.66us), and in order to avoid eNodeB-to-eNodeB interference for the case that this guard period is not large enough, it is proposed that the RACH may received in any UL subframe as configured by higher layer signaling. It is further proposed that the RACH preamble length is chosen so that it together with sufficient guard time fits in any UL subframe.

Following the link budget in Appendix 2 of [2] with a required Ep/N0 =18dB for acceptable performance,   receive antenna gain of 20dB, we note that the maximum acceptable pathloss is 162dB. With consideration of another 8dB for operation with eight-branch receive diversity, the maximum pathloss becomes 168dB (The Ep/N0 value of 18 dB already assumed receive diversity with 2 antennas).  For an antenna height of 90m, this corresponds to a distance of about 20km according to the modified Hata model as described in Appendix 1 of [2].  This would require a guard time of 133us leaving a RACH preamble length of around 542us, or around 80% of the subframe duration. We therefore propose to select the RACH preamble length as 533.33us, or 16384 x Ts which is suitable for a frequency domain implementation.  The resulting guard time becomes 4352 x Ts or 142 μs for the case that a single UL subframe is used. This preamble structure does not apply a cyclic prefix, instead the overlap-and-add method [3] can be applied in a frequency-domain receiver.
When it comes to the transmission timing, as mentioned above it is proposed that the UE starts transmitting the preamble at the start of the UL subframe. An example is depicted in Figure 3. Note that the example in Figure 3 considers the case where the RACH preamble is placed in subframe #1, but that the RACH may be positioned in other uplink subframes as well.
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Figure 3 Example of UE transmission timing for normal preamble 

When it comes to Zadoff-Chu sequence length, we similar to frame structure type 1 propose to reserve around 3% guard carriers and suggest that the length to be taken as length NZC=557.

Below, in Figure 4, a numerical example is given for the case with GSM TU3 channel, two branch receive diversity with uncorrelated fading, and frequency-domain preamble receiver using overlap-and-add for a false alarm probability of 0.001. As can be seen,  satisfactory performance in terms of a miss detection probability of 1%   can be obtained at an  Ep/N0 of around 18dB for a preamble with the designed normal preamble. Table 1 summarizes the most important simulation parameters.

Table 1: List of simulation parameters.


	Parameter
	

	RACH bandwidth
	1.044 MHz

	Preamble length NZC
	557 samples or 533.33 μs

	Guard period
	141.67 μs

	Cyclic shift length
	66 μs

	Channel model
	TU, GSM

	Velocity
	3 km/h

	RX antennas
	2

	Fixed false alarm rate
	0.001
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Figure 4  Missed detection rate for proposed normal RACH burst.


2.3. Repeated or extended burst

To extend the uplink performance for the RACH, one may consider defining even longer preambles.   Such may created by repetition or extension. Note that for the case that the preamble is repeated three times, a preamble of length of 1.6ms is obtained which is similar to the case with two times repetition with frame structure type 1. However transmission timing as well as the resulting constraints on the allocation of subframes to UL and DL needs to be considered as well.

3. Conclusion

Regarding the RACH burst type, it is proposed to have three burst types

· Short burst type (previously referred to as normal burst type) with a preamble length of 4096 x Ts
· Normal burst type (previously referred to as extended burst type) with a preamble length of 16384 x Ts and  Zadoff-Chu sequence length  NZC=557.
· Extended or repeated burst type with a larger preamble length, created either with extension or repetition of the preamble of the normal burst type. 

Regarding the transmission timing, the following is proposed, with respect to the UEs timing.

· Transmission of a short RACH burst starts 768 x Ts (25us) after the end of DwPTS. 

· Transmission of a normal RACH burst starts at the beginning of an (uplink) subframe.  The RACH must not be received in subframe #1, and the guard period is not reused for guard time for RACH period.

In the appendix, the proposed changes to 36.211 are described. 
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 Appendix

<from 36.211 v1.2.0, section 6.7.1>
The physical layer random access burst, illustrated in Figure 19, consists of a cyclic prefix of length 
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, a preamble of length 
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, and a guard time 
[image: image7.wmf]GT

T

 during which nothing is transmitted. The parameter values are listed in Table 20 and depend on the frame structure and the random access configuration. Higher layers control the preamble format.
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Figure 19: Random access preamble format (frame structure type 1).

Table 20: Random access burst parameters.

	Frame structure
	Burst type
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	Type 1
	Normal
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	Extended
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	Type 2


	Normal Short
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	Extended Normal
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	Extended/Repeated
	
	
	


For frame structure type 2, the start of the random access burst depends on the burst type configured. For the normal short burst type, the burst shall start 
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 before the end of the UpPTS at the UE. For the extended normal burst type, the start of the random access burst shall be aligned with the start of an uplink subframe 1.

<from 36.211 v1.2.0, section 6.7.2>
Table 21: Random access preamble sequence parameters.

	Frame structure
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	Number of preambles
	Preamble sequences per cell

	Type 1
	839
	
	
	64

	Type 2
	Normal Short preamble
	139
	
	552
	16

	
	Extended  Normal preamble
	719557 
	
	718
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