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1 Introduction

In LTE RAN1 #47 Riga meeting, some agreements have been reached about non-synchronized RACH in respect of raw structure (for example, RACH BW equals to 1.08MHz and structure like CP+Preamble+GI is agreed). However, some more detailed parameters of non-synchronized RACH structure have not yet been obtained by consensus. For example, what is non-synchronized RACH sampling rate? Accordingly, how long is the RACH preamble?
In this paper, we discuss non-synchronized RACH sampling rate and some relative issues. By simulation, we illustrate that if the non-synchronized RACH sampling rate is not chosen properly, unacceptable interference with neighboring synchronized channels will be apparent or unacceptable miss detection probability will also be a major problem. In order to mitigate the interference, lower sampling rate should be adopted to leave wider guard band. On the other hand, over-lower RACH sampling rate will lead to shorter RACH preamble and cause inaccurate timing and unflexible RACH preambles choosen. In this contribution, we simulate three situations in which RACH sampling rate is 1.07875MHz, 0.96MHz and 1.024MHz respectively. We checked the interference and timing accuracy corresponding to all of the three sampling rates. We also consider some other implement factors that influence the final decision especially consider how to generate RACH signal in a simple way.
[1] provided some simulation results by using some kind of filter (or window) in frequency domain to reduce the interference. Maybe it is a feasible method, but some important features of RACH preamble maybe also be destroyed and thus influence the timing accuracy especially in the situation that more than one UE require to access to the network. From the analysis above, using guard band in RACH channel maybe a better way.
2 Simulations about Interference

We will first research the performance degradation due to the non-synchronized transmission using 1.07875MHz, 0.96MHz and 1.024MHz RACH sampling rate respectively. No any filter or window is used in the frequency domain. The guard band is different in these three situations since RACH BW is always 1.08MHz, see as Figure 1. 
In the simulation, the measured synchronized access UE is adjaccent to the RACH channel. We used two different synchronized BW to measure the interference. One is 1 RB and the other is 6RBs. It is noted that whatever the synchronized BW is, it is always adjacent to the RACH channel and the total power in the synchronized BW is 6dB lower than that in the RACH channel. Therefore, if the adjacent UE is scheduled only one RB, the power spectrum density is 1.78dB larger than that of RACH. Some simulation results, shown in Figure 2 and Figure 3, demonstrate the performace degradation by using 1.07875MHz, 1.024MHz and 0.96MHz as RACH sampling rate. It is obvious that using 1.07875MHz can lead to unacceptable performance loss.
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Figure 1. Four different simulation scenarioes to measure the RACH interferenced
Some simulation assumptions are as follows:
· System BW: 10 MHz;
· Non-synchronized RACH sampling rate: 1.07875MHz, 1.024MHz and 0.96MHz.;
· Length of the cyclic prefix: short CP (~4us);  

· The BW occupied by synchronized UE is 1 RB (0.18M) or 6 RBs (1.08M). Whatever the synchronized BW is, the total power in the synchronized BW is 6dB lower than that in the non-synchronized RACH channel;
· Modulation and coding rate: 16QAM with 2/3 coding;
· One antenna receiving, LMMSE receiver with frequency domain equalization, ideal channel estimation;
· 6-ray TU channel model;

· The RACH signal’s delay offset is  = 9 s.
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Figure 2. Performance degradation because of non-synchronized RACH transmission on the adjacent band when synchronized UE occupies 1 RB.
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Figure 3. Performance degradation because of non-synchronized RACH transmission on the adjacent band when synchronized UE occupies 6 RB. 

From the simulation results above, we can see that 0.96MHz RACH sampling rate is better than 1.07875MHz and 1.024MHz in the view of the interference with adjacent synchonized band. This conclusion is also intuisive because lower sampling rate leads to wider guard band between RACH and adjacent synchonized channel. However, detecttion performance is also an important factor we need to check. 
3 Miss Detection Probability
In this section, we will research the timing performance difference among 1.07875MHz, 1.024MHz and 0.96MHz sampling rate. The following RACH structure seen in Figure 4 will be used in the simulation considering to resist some frequency offsets. [2] concluded that two kinds of frequency offset models corresponding to LOS and NLOS senarioes respectively are AWGN plus pure frequency offset (less than 1400Hz) and TU plus frequency dispersion (650Hz or 350km/h). In the following simulations, we will adopt these two kinds of models to see the timing accuracy with using 1.07875MHz, 1.024MHz and 0.96MHz sampling rate.
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Figure 4. Non-synchronized RACH structure
Some simulation assumptions are listed in the Table 1.

	Parameters
	1.07875MHz
	1.024MHz
	0.96MHz

	Antenna configuration
	1 Tx antenna

	Detector
	Sampling after CP length then make periodic correlation in time domain

	Detection threshold
	Fixed (when frequency offset = 0Hz)

	Miss detection probability
	1%

	Preamble duration (samples)
	431×2
	409×2
	383×2

	CP (samples)
	109
	101
	97

	Guard Interval (samples)
	108
	101
	97

	Zadoff-Chu sequence length N
	431(prime)
	409 (prime)
	383 (prime)

	Preamble Index
	4 Cyclic shift sequences coming from the same root Zadoff-Chu sequence

	Propagation delay
	9 us (fixed)

	Channel model
	AWGN (LOS)
	6-Ray TU (NLOS)

	Doppler frequency
	---
	3/30/60/120/350km/h

	Frequency offset
	0-1000Hz
	0Hz


Table 1. Simulation parameters
Figure 5 and Figure 6 gives the miss detection comparison under the different sampling rate and scenarioes. From both figures, we can see that no matter under LOS or NLOS assumption, there is almost no miss detection degradation for 1.024MHz while notable detection loss (about 3dB) can be observed using 0.96MHz on NLOS situation compared with 1.07875Mhz.
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Figure 5. Miss Detection (LOS+frequency offset)
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Figure 6. Miss Detection (NLOS+frequency dispersion)
4 Implement Issue

Simple implement of RACH signal is also very important. In this sector, we will consider the complexity of these three RACH sampling rate.

First, as [3] said, 0.96MHz is just half of 1.92MHz which the sampling rate also can be obtained by 1.92*16/32 since 1.92*16 is UE’s basic sampling rate no matter what the system BW is. We also noted that 1.024MHz has the same good property since 1.024 can be written as 1.92*16/30, so only some counter and baseband filter are needed for 0.96 or 1.024MHz. There is no need of some complex operations such as DFT, and only some small information (e.g. index of one CAZAC root sequence) can lead to generate RACH signal in real time (see Figure7).
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Figure 7. RACH signal generation (1.024MHz)
If 1.07875MHz is adopted, maybe the following two methods (see figure8) are used to generate of RACH signal [4]. We can see that whatever scheme A or scheme B is used, IDFT or both DFT and IDFT is necessary. Maybe another alternative approach can be considered. That is to store all the possible RACH signal in advance, however more memory are needed and this is too expensive for UE with this method.
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Figure 7. RACH signal generation (1.07875MHz)
5 Conclusion

We propose that RACH sampling rate is 1.024MHz or 0.96MHz. They can mitigate the interference with adjacent synchronized channels without any filter or window in the frequency domain and only simple sampling conversion is needed compared to 1.07875MHz sampling rate and in the same time their detection performances are also acceptable.
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