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Introduction
The new Rel-14 work item on enhanced LAA is tasked with specifying efficient operation of uplink LAA [1].  Accordingly, the following progress on PRACH was made in RAN1#84 [4] and RAN1#84b [5]:
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
Working Assumption:
· PRACH resource configuration in time and frequency in LAA SCell:
· RRC configuration of frequency resource(s), sequence set, and time domain resources
· Omitting time domain resources from the RRC configuration can be studied, considering e.g. interactions with LBT. 
· FFS whether any of the following can be dynamically adapted by PDCCH, or deterministically derived by the UE:
· time domain resources
· frequency resources for actual transmission
· sequences for actual transmission
· If using PDCCH, FFS whether common or UE-specific
It was also agreed in RAN1#84b [5] to further evaluate two PRACH waveform candidates:
Option 1
· LAA-PRACH is based on LTE PRACH format 0 and/or format 4 repeated N times in frequency
· The value of N is configurable and includes at least {1, 2, ...}
· The placement of the PRACH clusters in frequency shall be able to fulfil the ETSI regulation on occupied channel bandwidth
· PRBs for LAA-PRACH for each value of N are defined in the specification, exact positions are FFS
· FFS: CP of the PRACH format 0 is shortened by [1 symbol] to provide room for LBT
· FFS: The value of Timing Advance for LAA-PRACH transmission is configurable 
Option 2
· Preamble durations of up to 1 ms are supported in eLAA.
· PRACH is transmitted in one or more of RB interlaces
· The interlaces to use is configured by RRC
· PRACH preamble is based upon repetition of one DFTS-OFDM symbol of the same length as a PUSCH DFTS-OFDM symbol.
· A region for LBT is provided by not transmitting one or more OFDM symbols
In this contribution, we discuss the design of PRACH according to option 1. We provide the PRACH preamble detection performance in this contribution and the timing arrival estimation performance in the companion contribution [3].

PRACH design for eLAA
Five different PRACH formats for the RA preamble parameters are currently available in LTE, where formats 0-3 are defined for frame structure type 1 and 2, while format 4 is defined only for frame structure type 2, as summarized below in Table 1.
[bookmark: _Ref442347994]Table 1: Random access preamble parameters in Rel-13 [TS 36.211]
	Preamble format
	

	


	0
	

	


	1
	

	


	2
	

	


	3
	

	


	4 (see Note)
	

	


	

NOTE:	Frame structure type 2 and special subframe configurations with UpPTS lengths and only.



Due to the smaller cell sizes of most eLAA deployments, preamble durations of up to 1 ms should be sufficient in terms of UL timing estimation performance. Therefore, the existing preamble formats 0 and 4 are reasonable starting points for eLAA PRACH preamble design. Further enhancements are needed to account for the interlaced design of UL transmissions made necessary by PSD restrictions in the 5 GHz band [2].
Waveform design
A cyclic prefix of 3168 samples is used for the preamble design with preamble format 0 in Table 1. This cyclic prefix corresponds to a delay of 103 microseconds, or equivalently a cell radius of 15 kilometers. However eLAA is typically deployed with much smaller cell size, such that format 0 is not directly suitable for PRACH with eLAA. 
PRACH preamble format 0 is based on a PRACH preamble sequence of length 24576. This length corresponds to a sub-carrier spacing of 1.25 kHz, in contrast to PUSCH and PUCCH which use a sub-carrier spacing of 15 kHz. For LTE release 8, the inter-carrier interference, due to different sub-carrier spacings, is limited by having small guard bands between PRACH and PUSCH and by allocating PRACH to a single interval of adjacent sub-carriers. However, with an interlaced approach, as discussed in section 2.3, the overhead with guard bands would be high. 
A transmitter for PRACH preamble format 0 needs an IFFT of size 24576, in addition to support for IFFT of 2048 for generating ordinary DFTS-OFDM symbols for PUSCH and PUCCH. Also, a straightforward receiver of this PRACH preamble format needs an FFT of size 24576. This FFT is then only used for PRACH preamble detection and used in parallel to FFTs of size 2048 for receiving PUSCH and PUCCH, see illustration in Figure 1. In Figure 1, any interlacing of the PRACH preamble is not illustrated. 

Observation 1
A PRACH preamble design that avoids the need to support several sizes of IFFTs in transmitter and FFTs in receiver would be desired, in order to simplify implementation and reduce power consumption. 
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[bookmark: _Ref446486532]Figure 1. Receiver FFTs of size 2048 for user data (PUSCH and PUCCH) and of size 24576 for PRACH preamble format 0.

Preamble format 4 in Table 1 is designed in order to cover two DFTS-OFDM symbols in a special subframe in TDD. Within eLAA, the PRACH preamble should be mapped to more than only two symbols in order to improve coverage, such that format 4 is not directly appropriate for PRACH with eLAA. Also, this format 4 is based on a preamble sequence of length 4096, which thus requires separate IFFTs in transmitter and FFTs in receiver as compared to PUSCH and PUCCH processing. 
Option 1
One possible design of PRACH preambles is to reuse the DMRS design, i.e. using a reference signal of length 2048 samples in time, each with a corresponding cyclic prefix, see illustration in Figure 2. Here, a sequence s(n) is used in 13 out of 14 DFTS-OFDM symbols of the sub-frame. The last DFTS-OFDM symbol can be empty, such that a guard period is included to protect the subsequent sub-frame against delayed preambles. In Figure 2, any interlacing of the PRACH preamble is not illustrated.
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[bookmark: _Ref446486504]Figure 2. PRACH preamble format with preamble constructed by several DFTS-OFDM symbols with a cyclic prefix each

The PRACH preamble in Figure 2 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. The length of a cyclic prefix of 144 samples corresponds to 4.7 microseconds or a cell radius of 703 meters. However, delay spread of the channel and timing uncertainty in the UE will in practice reduce the maximum delay (and thus maximum cell radius), such that this cyclic prefix might be insufficient. 
The PRACH preamble as illustrated in Figure 2 has the same sub-carrier spacing of 15 kHz as PUSCH and PUCCH, thus avoiding inter-carrier interference. However, small inter-carrier interference will occur if the preamble is delayed more than the cyclic prefix.
Option 2
Another possible design of PRACH preambles is illustrated in Figure 3, 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. The receiver within each FFT window in Figure 3 will then act on a cyclic shifted version of the PRACH preamble sequence. In this Figure 3, any interlacing of the PRACH preamble is not illustrated. 
Delays of up to one DFTS-OFDM symbol is supported with the approach of generating PRACH preambles as in Figure 3. This maximum delay of 2048 samples corresponds to 66.7 microseconds or a cell radius of 10 km, which is sufficient for eLAA deployments. 
The PRACH preamble as illustrated in Figure 3 has the same sub-carrier spacing of 15 kHz as PUSCH and PUCCH, thus avoiding inter-carrier interference. One benefit of this repeating of the same DFTS-OFDM symbol is negligible inter-carrier interference if the preamble is delayed. The only DFTS-OFDM symbols which will have some inter-carrier interference are the first and last DFTS-OFDM symbols of the sub-frame, if a partial PRACH preamble DFTS-OFDM symbol is received within an FFT window due to a delayed preamble.
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[bookmark: _Ref446488097]Figure 3. PRACH preamble format with preamble constructed by repeating DFTS-OFDM symbols

Proposal: 
· PRACH preamble is based upon time-domain repetition of one DFTS-OFDM symbol of the same length as a PUSCH DFTS-OFDM symbol

A set of 64 PRACH preambles is defined in LTE release 8, for each cell. These are based on cyclic shifts and different base sequences. With the use of demodulation reference signals for PRACH preambles, as defined in 3GPP TS 36.211 section 5.5.1, the following parameters can be used to generate separate PRACH preambles:
· cyclic shift (which should be adjusted based on maximum cell radius)
· base sequence number within a group
· base sequence group number 
Aspects of LBT
With an LBT gap before the PRACH preambles, the PRACH preamble can be reduced in length by one DFTS-OFDM symbol. This is illustrated in Figure 4. Here an UL transmission burst containing PRACH immediately follows LBT within an interval of 71.9 microseconds, i.e. 160 samples in cyclic prefix and 2048 samples in OFDM symbol with a sampling rate of 30.72 MHz. This interval is thus somewhat larger than the minimum gap of at least 25 micro seconds.
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[bookmark: _Ref446502421]Figure 4. PRACH preamble format with preamble constructed by repeating DFTS-OFDM symbols and LBT gap in the first DFTS-OFDM symbol
[bookmark: _Ref446501387]Interlacing
An uplink allocation based on interlaces is discussed in [2], where allocating all uplink transmissions on one or more interlaces is proposed. The allocation of PRACH preambles to one interlace (interlace number 0) is illustrated in Figure 5. Further investigation of timing arrival estimation performance is provided in [3].
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[bookmark: _Ref446491846]
[bookmark: _Ref450908699]Figure 5. Interlacing of PRACH preambles

PRACH preamble detection performance
An illustration of a simple receiver structure for PRACH preambles is given in Figure 6. 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 6. The only difference is that the matched filters MF1 to MF13 are identical filters for the preamble format in Figure 2, while the matched filters for the PRACH preamble format in Figure 3 will have matched filters adjusted to a cyclic shifted version of the repeated DFTS-OFDM symbol.
The performance of PRACH preamble detection is illustrated in Figure 7, in terms of miss-detection rate versus SNR. Here, results are included both with the format with one CP per OFDM symbol (see Figure 2) and the format with repeating the same OFDM symbol (see Figure 3). 
[image: ]
[bookmark: _Ref447259073]Figure 6. PRACH preamble receiver structure

Approximately the same performance is achieved with both approaches as shown in Figure 7 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.
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

Observation 2
PRACH design based on time-domain 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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[bookmark: _Ref447106389]Figure 7. Miss detection of PRACH preambles

Conclusion
This contribution discussed the design for supporting PRACH in eLAA.  Based on the analysis in this contribution and [3], we made the following observations and proposal:
Observation 1
A PRACH preamble design that avoids the need to support several sizes of IFFTs in transmitter and FFTs in receiver would be desired, in order to simplify implementation and reduce power consumption.
Observation 2
PRACH design based on time-domain 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
Observation 3 [3]
One-interlace or two-interlace PRACH design based on time-domain repetition of DFTS-OFDM symbols provide robust timing arrival estimation performance.
Proposal:
PRACH preamble is based upon time-domain repetition of one DFTS-OFDM symbol of the same length as a PUSCH DFTS-OFDM symbol.
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