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Introduction
The random access procedure is described in [1], with the PRACH preamble design described in [2] and the physical design of the random access response (RAR) described in [3]. This contribution presents a few evaluation results of the PRACH preamble design.
In RAN1#86, the link level evaluation assumptions for RACH Preamble evaluation according to R1-168492 was agreed.
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PRACH preamble receiver
An illustration of a simple receiver structure for PRACH preambles is given in Figure 1. 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 PRACH preamble, each frequency domain signal is multiplied by a matched filter. The outputs from all 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. This threshold is designed such that a false detection rate of less than 0.1% is observed when only noise is inserted into the detector.

[bookmark: _Ref447259073]Figure 1. PRACH preamble receiver structure with one non-coherent intervals ()
An alternative configuration of a PRACH preamble receiver is illustrated in Figure 2. Here, two separate coherent accumulations are done on first and second half of the PRACH preamble. This modification as comparted to Figure 1 is done in order to reduce the impact of frequency errors and time varying radio channels. A flexibility in the receiver is thus possible in order to adjust the number of non-coherent intervals. A similar flexibility within one millisecond is not straight forward with the PRACH preamble according to LTE release 8.

[bookmark: _Toc462643425][bookmark: _Toc462644123][bookmark: _Toc462996981][bookmark: _Toc462997060][bookmark: _Toc462997114]The PRACH preamble detector can be configured with varying number of non-coherent intervals () when the preamble is constructed by repeating one short sequence

After matched filters, IFFT and absolute square of the time domain samples, a non-coherent accumulation is done over these two intervals (), in Figure 2. With this structure, the impact of large frequency errors and time domain fading channels is reduced, as showed by the evaluation results in section 2.2.

[bookmark: _Ref462208779]Figure 2. PRACH preamble receiver structure with two non-coherent intervals ()
[bookmark: _Ref462383562]Evaluations of miss detection rate
The following simulation settings are used within this section:
· Carrier frequency of 4 GHz
· Allocation of 72 subcarriers for the PRACH preamble with a sub-carrier spacing of 15 kHz 
· Random delay between 0 and 20 microseconds (uniformly distributed)
· Corresponding to a maximum distance of 3 km which equals  RTT (Round Trip Time)
· Search window length of 22 microseconds, which is then slight larger than the maximum delay
· AWGN and CDL-C channel
· Random phase in fading generator for each preamble
· UE speed of 3 and 120 km/h for CDL-C
· Frequency offset 600 Hz 
· Due to 0.05 ppm at TRP and 0.1 ppm at the UE leading to 200 and 400 Hz respectively
· Additive White Gaussian Noise
· 2 receiver antennas at TRP
· False detection rate of 0.1%

The performance of PRACH preamble detection is illustrated in Figure 3 to Figure 5, in terms of miss-detection rate versus SNR. Here results are given both with the PRACH preamble design as used in LTE release 8, and the proposed PRACH preamble according to [2] (which is also given in Figure 1 and Figure 2). 
A lower missdetection rate for the proposed PRACH preamble format (with ) as compared to the PRACH preamble format used in LTE release 8 can be observed in Figure 3 to Figure 5. This improvement in performance is due to the ability for non-coherent accumulations in the PRACH preamble detector, as illustrated in Figure 2. Only simulations for carrier frequencies below 6 GHz are provided in this contribution. However, the ability to avoid impact of frequency errors is even more important above 6 GHz carrier frequencies.
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[bookmark: _Ref447106389]Figure 3. Miss detection of PRACH preambles with AWGN channel
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Figure 4. Miss detection of PRACH preambles with CDL-C channel and 3 km/h
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[bookmark: _Ref462129037]Figure 5. Miss detection rate of PRACH preambles with CDL-C channel and 120 km/h



Conclusion
In section 2 we made the following observations:
Observation 1	The PRACH preamble detector can be configured with varying number of non-coherent intervals () when the preamble is constructed by repeating one short sequence
Observation 2	The PRACH preamble detection performance can improved as compared to LTE release 8, with a PRACH preamble format which enables non-coherent accumulations in the detector.
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