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1
Introduction
In RAN1#84bis, the following proposals on the PRACH waveform were captured for further evaluation until RAN1#85. 
R1-163818
WF on PRACH waveform

Nokia, Alcatel-Lucent Shanghai Bell, CATT, Panasonic, Samsung 

Proposals:

· 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 

R1-163853
WF on PRACH waveform

Ericsson

Proposal:

· 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
Continue evaluation both options as listed below till RAN1#85
In this document, we discuss our proposal for the PRACH waveform. 
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Motivation for PRACH in LAA
Non-contention based PRACH serves the following key purposes in LAA

1. UL sync and timing adjustment 
2. UL power control

3. Forward compatible mechanism and procedures for LAA based dual-connectivity
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PRACH waveform
The PRACH waveform must take the following design criteria into account

Bandwidth occupancy:  To satisfy the bandwidth occupancy requirement for operating in the unlicensed spectrum and to be compatible with the interlace structure for the other unlicensed channels, we propose that PRACH waveform be based on the RB interleaved structure similar to PUSCH transmission. 

Time domain occupancy: To obtain the maximum SNR and/or degrees of freedom for multiplexing different users in unlicensed spectrum, we propose that PRACH transmission be as long as possible. To enable timing advance and multiplexing of SRS from the other users we propose to not use the last one or two OFDM symbols in the subframe. Similarly, the first OFDM symbol of a subframe is not used for PRACH to enable all users in that subframe to perform LBT. 
Orthogonality to transmissions from adjacent RBs:  To maintain orthogonality at the FFT between the PRACH transmission and PUSCH transmission in adjacent RBs, to propose the following solution:
Repeat the modulation symbol on each PRACH tone on all the OFDM symbols without a cyclic prefix. This PRACH waveform is orthogonal to transmissions in all OFDM symbols except the first and last OFDM symbols where there is a discontinuity in the waveform. 
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To further reduce the interference between PRACH and transmission in adjacent RBs, we propose to window the start and end of transmissions to reduce the amount of ICI. 
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Figure 1: PRACH waveform on a single tone shown in time
Alternatively, we propose to puncture the first and last tones in each RB to reduce the amount of ICI as shown in Figure 2.
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Figure 2: Time frequency grid for PRACH transmission
Finally, the waveform in each OFDM symbol is a ZC sequence of length 113 (assuming one interlace for PRACH) or 239 (assuming 2 interlaces for PRACH) or 97(assuming one interlace with first and end tone puncturing in each RB of the interlace). 

Multiplexing: The eNB can use one or more cyclic shifts (of a half symbol or a third symbol for example) to multiplex transmissions from multiple UEs without any interference between PRACH. This can be used to even when the power differential between two different PRACH transmissions is expected to be around 10dB or higher. Finally, the eNB can use different root sequences to multiplex additional users if needed. 
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Conclusions

In this contribution, we discuss the characteristics of the PRACH waveform and propose a candidate waveform generation procedure which has low interference to adjacent RBs and enables multiplexing of many PRACH users.
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