3GPP TSG-RAN WG1#84bis
R1-163147
Busan, Korea, 11th – 15th April, 2016

Source:
Ericsson

Title:
On Performance of PRACH for Enhanced LAA
Agenda Item:
7.3.1.4
Document for:
Discussion and Decision

1 Introduction
The new Rel-14 work item on enhanced LAA is tasked with specifying efficient operation of uplink LAA [1].  Accordingly, the following agreements on PRACH were obtained in RAN1#84:

Agreements:
· Contention based PRACH transmission on LAA Scell is not supported in Rel-14

· Non-contention based PRACH transmission on LAA Scell is supported in Rel-14 subject to LBT

· FFS: PRACH duration up to 1msec is supported

· FFS: A UL transmission burst containing PRACH without other UL channel immediately follows a single idle observation interval of at least 25 micro sec

· FFS: new PRACH waveform
In this contribution, we present simulation results for the PRACH design for eLAA presented in our companion contribution [2].


2 Discussion
2.1 PRACH design for eLAA
Two PRACH preamble formats are described in [2], which are also illustrated in Figure 1 and Figure 2 below.

The PRACH preamble in Figure 1 has one cyclic prefix for each DFTS-OFDM symbol of length 160 samples for the first DFTS-OFDM symbol of each slot, and 144 samples for the remaining DFTS-OFDM symbols. 
[image: image1]
Figure 1. PRACH preamble format with preamble constructed by several DFTS-OFDM symbols with a cyclic prefix each
Another possible design of PRACH preambles is illustrated in Figure 2, where one DFTS-OFDM symbol is repeated several times such that each DFTS-OFDM symbol acts as a cyclic prefix for the next DFTS-OFDM symbol. 

[image: image2]
Figure 2. PRACH preamble format with preamble constructed by repeating DFTS-OFDM symbols

Delays of up to one DFTS-OFDM symbol is supported with the approach of generating PRACH preambles as in Figure 2. This maximum delay of 2048 samples corresponds to 66.7 microseconds or a cell radius of 10 km, which is sufficient for eLAA deployments. 
2.2 PRACH preamble detector

An illustration of a simple receiver structure for PRACH preambles is given in Figure 3. Here, an FFT is calculated for each DFTS-OFDM symbol forming frequency domain signals, which are used in both the PUSCH receiver and the PRACH preamble detector. After extracting the sub-carriers corresponding to the interlace that the PRACH preamble is mapped, each frequency domain signal is multiplied by a matched filter. The outputs from the matched filters are coherently added, transformed to time domain by an IFFT, and a Power Delay Profile (PDP) is calculated as the absolute square of each time domain value. Detection of a PRACH preamble is done by comparing the values of the PDP with a threshold. 
A receiver structure for the PRACH preamble format with a CP for each DFTS-OFDM symbol is almost identical to the one illustrated in Figure 3. The only difference is that the matched filters MF1 to MF13 are identical filters for the preamble format in Figure 1, while the matched filters for the PRACH preamble format in Figure 2 will have matched filters adjusted to a cyclic shifted version of the repeated DFTS-OFDM symbol.

[image: image3]
Figure 3. PRACH preamble receiver structure

2.3 Simulation results

The performance of PRACH preamble detection is illustrated in Figure 4, in terms of miss-detection rate versus SNR. Here, results are included both with the format with one CP per OFDM symbol (see Figure 1) and the format with repeating the same OFDM symbol (see Figure 2). The following simulation settings are used:

· True delay of 0, 10 or 20 microseconds 
· ETU channel

· 20 MHz system bandwidth

· False detection rate of 0.1%/64

· Speed 3 km/h at a carrier frequency of 5 GHz, i.e. Doppler spread of 14 Hz

· Random phase in fading generator for each preamble

· Additive White Gaussian Noise

· 2 receiver antennas

· Mapping to 10 RBs in one out of 10 interlaces
· Search window length of 30 microseconds
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Figure 4. Miss detection of PRACH preambles 
Approximately the same performance is achieved with both approaches as shown in Figure 4  for a delay of 0 microseconds since this delay is within the cyclic prefix of 4.7 microseconds. However with delays of 10 and 20 microseconds, the performance is worse with the approach of a CP for each OFDM symbol as compared to repeating the same OFDM symbol. Therefore, the PRACH design based on repetition of OFDM symbols is more robust against time delays without any increase in detection complexity.
Observation:
· PRACH design based on repetition of DFTS-OFDM symbols is more robust against time delays without any increase in detection complexity as compared to PRACH design based on a short CP for each DFTS-OFDM symbol


3 Conclusion

This contribution discussed receiver structures and performance for PRACH preambles in eLAA based on the PRACH design for eLAA presented in our companion contribution [2]. Our observation is summarized below.
Observation:

· PRACH design based on repetition of DFTS-OFDM symbols is more robust against time delays without any increase in detection complexity as compared to PRACH design based on a short CP for each DFTS-OFDM symbol
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