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1. Introduction

It has been agreed in RAN1 ‎[1] to specify in addition to the four PRACH preamble formats that are present in FDD mode also a considerable shorter PRACH preamble format for TDD.  According to the current agreement ‎[1], two symbols in UpPTS are to be used for PRACH reception  and the present contribution outlines a design for this case.  Thus, the case where a longer time window for reception is used, for example by using an additional OFDM symbol or part of the guard period, is not considered. The contribution proposes parameters for this additional PRACH preamble and also analyzes its performance. 

2. Design of Short PRACH

In order to allow reception of the short PRACH within 2 OFDM symbols of UpPTS the length of the preamble (including possible cyclic prefix and guard time) should be less than 142.7 µs (duration of 2 OFDM symbols with short cyclic prefix). We have chosen the duration of OFDM symbols with short cyclic prefix since then the PRACH can also be used with the long cyclic prefix, however, not the other way around. It is therefore proposed to set the length of the short PRACH sequence to 133 µs, the length of 2 OFDM symbols (without cyclic prefix). The subcarrier bandwidth of this PRACH preamble becomes then fSC = 1/133 µs = 7.5 kHz. In an FFT based implementation of PRACH transmitter and receiver a length 4096 (I)FFT points can be used to place and extract the PRACH subcarriers within the whole 20 MHz system bandwidth. The remaining time of 142.7 µs - 133 µs = 9.38 µs must be shared between cyclic prefix of PRACH preamble and guard time. Since this time is very short it is proposed not to use a cyclic prefix but use overlap-and-add ‎[4] in the receiver to facilitate frequency-domain processing of the PRACH.

With a subcarrier bandwidth of 7.5 kHz the maximum Zadoff-Chu (ZC) sequence length that fits within 1.08 MHz becomes 144, the smallest prime number less or equal 144 is 139. To leave a small guard band at each side of the PRACH band a sequence length of 137 is chosen.  We note that the need for a guard band depends on what UpPTS will be used for. 

With a guard time of 9.38 µs the maximum supported cell size becomes 1.4 km (ignoring any delay spread). In reality the supported cell size becomes slightly smaller depending on the present channel profile.  At the same time, considering the performance in LTE test cases 1 or 3, with indoor users and penetration loss of 20 dB, we have found that the supported cell range is in the order of 500-900 m depending on the load from the preamble length limitation alone. Thus, the limitation stemming from the guard time is not necessarily too critical. 

The high speed mode with its restricted preamble set is not applicable for the short PRACH preamble since the PRACH subcarrier spacing is 7.5 kHz and only a frequency offset that is noticeable relative to this subcarrier bandwidth would require a restricted preamble set. However, even at 350 km/h the highest possible frequency offset is small compared to 7.5 kHz. In addition is it very unlikely to encounter high speed users in such small cells. 

Table 1 summarizes the proposed design choices for the short PRACH preamble. 

	Parameter
	

	NZC
	137

	NSEQ
	4096 ∙ Ts

	NCP
	0

	NGT
	288 ∙ Ts


Table 1: Parameters for short PRACH preamble contained in two OFDM symbols with normal CP. The time interval Ts = 1/30.72 MHz is the fundamental time unit. 


3. Performance

In the following we analyze the performance of the PRACH preamble designed in Section ‎2. Table 2 summarizes the simulation assumptions.

	Parameter
	

	RACH sequence length
	4096 ∙ Ts

	ZC sequence length NZC
	137 

	Simulated cyclic shifts
	2 samples (1.95 µs) and 13 samples (12.7 µs)

	Cyclic prefix
	none

	Maximum round trip time
	1.5 µs

	Channel model
	AWGN, EPA 3 km/h

	RX antennas
	2

	False alarm rate per preamble
	1e-3 


Table 2: Simulation assumptions.


In Figure 1 the performance over AWGN and EPA 3 km/h channel are shown. Only a single user attempts PRACH. The false alarm rate is set to 1e-3. Here the false alarm rate is defined that no preamble is transmitted and a single detector output exceeds the detection threshold.  The maximum round trip time is set to 1.5 µs which corresponds to a maximum cell size of 220 m. This rather small cell size may be typical for use cases such as e.g. hot spots, home eNodeB and very dense deployments. The curves labeled with “x” correspond to a cyclic shift value NCS = 13. If we compare the SNR requirement to achieve a missed detection rate of 1e-3 over an AWGN channel with the requirement of Burst 0 ‎[5] we see that approximately a 6-7 dB higher SNR is required. 

This plot also shows results obtained when using a cyclic shift value NCS = 2. For this scenario the performance difference between these two cyclic shift values is negligible. Even for the NCS = 13 case the same detection window length is used as for NCS = 2 since the maximum round trip time together with the maximum delay spread determines this length. Therefore the performance is independent of the cyclic shift length.
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	Figure 1: Missed detection rate for AWGN and EPA 3 km/h channel. Only a single UE attempts PRACH. The threshold is set that a false alarm rate of 1e-3 is achieved without preamble transmission.


In Figure 2 the obtained performance over AWGN is shown when 4 users are simultaneously performing PRACH access. Here false alarm is defined that a single other detector exceeds its detection threshold in the presence of the 4 other preamble transmissions. In case of  NCS = 2 all preambles are orthogonal to each other.  

However, in case of  NCS = 13 only 10 preambles can be derived from a single ZC root sequence, in total 7 root sequences are permitted in the cell to provide 64 preambles. In the performed simulations preambles are chosen randomly, i.e. the number of different root sequences that are actually transmitted in the cell vary from one simulation run to the next. Since preambles from different ZC root sequences are not orthogonal to each other the interference level increases requiring a higher threshold level to maintain the false alarm rate. The interference suppression is proportional to the sequence length and is therefore for the short preamble worse than for the other preamble formats.  Due to this higher threshold value the performance gets worse compared to NCS = 2.

	  [image: image2.emf]-20 -18 -16 -14 -12 -10 -8 -6

10

-3

10

-2

10

-1

10

0

SNR in dB

P

miss

 

 

AWGN, N

CS

 = 2

AWGN, N

CS

 = 13



	Figure 2: Missed detection rate for AWGN channel. 4 UE attempt PRACH simultaneously. The threshold is set that a false alarm rate of 1e-3 is achieved with preamble transmissions present.


Based on this result it is observed that it is very important to provide as many orthogonal preambles as possible in a cell. 

4. Specific Cyclic Shift Set for Short PRACH

In Section ‎3 is shown that the performance drops when multiple PRACH attempts with different ZC root sequences are performed simultaneously. It is therefore important to provide as many as possible orthogonal preambles for a cell – i.e. derive all preambles from a single ZC root sequence – and only revert back to multiple ZC root sequences if really necessary. 

The smallest currently defined NCS value in ‎[3] is 13. With the sequence length NZC = 137 only 10 preambles can be derived from a single root sequence and 7 ZC root sequences must be allocated to each cell to provide 64 preambles. 

Ignoring delay spread effects the largest supported cell size with NCS = 13 is NCS/( NZC ∙ 7.5 kHz) / 2 ∙3e8 m/s= 1.9 km. On the other hand the guard time is only 9.38 µs corresponding to 1.4 km large cells. So even the smallest currently defined NCS value is over dimensioned for the largest cells supported by the short PRACH. It is therefore proposed to define an extra set of cyclic shift values adopted for the short PRACH. Table 3 shows the proposed values.

	NCS configuration
	NCS value
	Required ZC root sequences in each cell

	0
	2
	1

	1
	4
	2

	2
	6
	3

	3
	10
	5


Table 3:
Proposed set of cyclic shift values for short PRACH preamble format.

With the shortest cyclic shift value NCS = 2 all 64 preambles can be derived from a single ZC root sequence.  The largest cyclic shift value NCS = 10 supports cell sizes of 1.4 km which is very well matched to maximum cell size supported by the guard time. 

The cyclic shift values in between are chosen to provide ceil(64/2) and ceil(64/3) preambles per ZC root sequences for NCS configurations 1 and 2, respectively. In total only 4 different cyclic shift values are proposed for this preamble format requiring 2 bit. It does not make sense to define more cyclic shift values since already the provided cyclic shift values are quite close to each other, defining even smaller cyclic shift values is unrealistic since the cell size cannot be estimated exactly enough.
5. Conclusions

This contribution presents a design for preamble format 4 – the short PRACH – for TDD based on the current agreements in ‎[1], namely that  64 preambles shall be available in the cell and that the PRACH is to be received within two OFDM symbols. The proposed preamble has a length of 133 µs and no cyclic prefix. Assuming a frame structure with short cyclic prefix the maximum guard time is 9.38 µs which corresponds to a maximum cell size of 1.4 km. Because of its very different parameter settings and possible use in smaller cells, we also propose a different set of cyclic shift values to be used together with this preamble format. 

More specifically,   for a short RACH designed according to the current agreements we propose to 

· Adopt the preamble parameters in Table 2
· Adopt the cyclic shift values in Table 3

for PRACH preamble format 4.

6. References

[1] R1-075020, “Way forward on LTE TDD frame structure”

[2] TR 25.814, “Physical layer aspects for  evolved Universal Terrestrial Radio Access (UTRA) (Release 7) ),” v7.1.0 

[3] TS 36.211, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and Modulation (Release 8), “ 3GPP
[4] R1-060998, “E-UTRA Random Access Preamble Design, “ Ericsson, March 2006

[5] R4-072119, “Summary of Ideal PRACH simulation results, “ Ericsson, November 2007 

