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1 Introduction

Contention-free PRACH transmission was discussed in RAN1#84bis and the following working assumption was reached.
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
Another physical layer design issue is the PRACH waveform. Two alternative proposals were identified; one based on the Rel-13 PRACH waveform with repetitions in the frequency domain [1] and the other based on repetitions of a DFT-S-OFDM symbols and repetitions in one or more interlaces in the frequency domain [2].

This contribution considers the above aspects for contention-free PRACH transmission on a LAA SCell.
2 PRACH Resource Configuration 
Rel-13 configuration of contention-free PRACH resources includes configuration of frequency resources, the sequence set, and the subframes per radio frame.  

Configuration of frequency resources is needed regardless of the PRACH waveform. However, the details of the associated signaling will depend on the selected PRACH waveform.
Configuration of time resources should be maintained to enable an eNB to control the PRACH transmission subframes. For example, considering forward compatibility and future existence of contention-based PRACH, some subframes can be avoided for contention-free PRACH transmission as in Rel-13. Additionally, substantial frequency resources in a subframe may be needed for a PRACH transmission (due to frequency repetitions of the Rel-13 RA preamble or due to multiple interlaces for a new RA preamble design) and this cannot be allowed to occur in arbitrary subframes that an eNB may not even know about (e.g. if multiple PRACH attempts are allowed due to LBT failure or when contention-based PRACH is introduced). In general, although in LAA there may appear to be justification in transmitting PRACH in the first available subframe where UL LBT succeeds, this is not necessarily the case and there is anyway no operational restriction as the eNB can anyway configure all subframes as available for PRACH transmission. L1 adjustments, for example indication of a subframe from the configured subframes through the PDCCH order, can be considered to provide additional flexibility [3]. 

Configuration of sequences is not needed in this WI, as there is no contention-based PRACH and all sequences can be available, but considering forward compatibility configuration of sequences is also justified. 

Time, frequency, and sequence resources can be determined from the PDCCH order in a similar manner as in Rel-13.
Proposal 1: A UE is configured time/frequency/sequence PRACH resources on a LAA cell. For contention-free PRACH triggered by a PDCCH order, the resources are signaled in a similar manner as in Rel-13.

3 PRACH Waveform 
PRACH needs to be able to provide time accuracy in the range of +/-1 sec (e.g. for TDD the requirement is for synchronization of +/-1.5 sec). Even tighter requirements, such as +/-0.5 sec, may be needed for LBT or if positioning/eMBMS/CoMP are also to apply. Rel-13 PRACH transmission over 6 RBs can, in theory, provide a one-shot timing accuracy of +/-0.5 sec. In practice, and considering UEs with low SINR, the 99.9% CDF point allows for timing accuracy within +/-1.5 sec that is nevertheless sufficient for PUSCH/PUCCH multiplexing from different UEs and well within the CP. 

The only limitation for the Rel-13 PRACH formats is the PSD constraint requirement that can limit coverage. This is easy to circumvent with repetitions in the frequency domain that can provide the required link budget. For PRACH format 4 (not necessary for CA operation but will be necessary for DC operation), the repetitions can be in different subframe symbols to avoid any PAPR increase. For PRACH format 0, the repetitions need to be simultaneous and some power back-off will be necessary (small for 2 repetitions, larger for more repetitions). Either a single frequency offset can be configured/derived for the first repetition and locations for the remaining repetitions can be symmetric, for example as for the PCFICH/PHICH/SIB1-BR frequency repetitions, or all locations can be configured/derived. Without considering the power back-off, eight repetitions can provide a same link budget as a single repetition on the PCell for a 10 dBm/MHz PSD constraint, a 9 dB gain due to the repetitions, and an additional ~3-4 dB gain due to frequency diversity. Nevertheless, as for any other of channel transmissions with repetitions in Rel-13, the number of repetitions can be configurable per UE and on average a smaller number of repetitions is expected. Overhead is not an issue, even when considering only one cell in a TAG, as a number of UEs per cell is expected to be small and typical UE mobility is low. 
The alternative to use an interlaced structure, similar to the PUSCH, for a PRACH transmission has two important disadvantages. A first disadvantage is its robustness. For a sampling rate or 180 KHz, even a single sample error will result to a time error of 5.5 sec which is too large and is even outside the CP. For example, in NB-IoT when a similar (160 KHz) PRACH transmission bandwidth was considered, the associated time error for the 99% CDF was 12.5 sec (2 samples) and the CP length was 28.2 sec [4] (it is noted that an even smaller PRACH transmission bandwidth and an even longer CP are specified [5]). It was argued that for a large SINR, no errors occur and despite the many aliases the correct path/timing is selected. However, the SINR cannot be guaranteed to always be large especially considering that interlace transmissions will require a significant power back-off that can be as high as 8 dB according to RAN4 RF requirements [6] and LOS cannot be assumed to always exist.  The second disadvantage is the requirement for different UE and eNB implementations and the associated testing. 

Proposal 2: The PRACH waveform is based on repetitions in the frequency domain of the Rel-13 waveforms.

Due to the requirement to perform UL LBT, the exact PRACH structure of LTE cannot be re-used. Considering the coverage reduction due to the power back-off and that the LTE CP is somewhat over-dimensioned even for large cells and highly dispersive channels, the UL LBT duration can be absorbed in reducing the total GP and CP length and leaving the sequence length the same. This will avoid any impact on the eNB receiver and have trivial impact on the UE transmitter and may require only trivial testing. For example, for a 25 sec LBT and PRACH format 0, the sequence length can be kept at 800 sec to avoid any additional coverage reduction while the GP can be reduced from 96.88 sec to 71.88 sec and the supportable cell size is reduced from 14.53 Km to 10.78 Km which is fine for the purposes of LAA. Alternatively, a smaller reduction for the GP can apply and can be compensated by a reduction in the CP length of 103.12 sec. 
Proposal 3: UL LBT duration is absorbed in the CP and GP duration and the PRACH sequence is as in Rel-13.

4 Conclusions

This contribution considered remaining aspects for PRACH transmission on an LAA cell. Based on the analysis, the following are proposed. 

Proposal 1: A UE is configured time/frequency/sequence PRACH resources on a LAA cell. For contention-free PRACH triggered by a PDCCH order, the resources are signaled in a similar manner as in Rel-13.

Proposal 2: The PRACH waveform is based on repetitions in the frequency domain of the Rel-13 waveforms.

Proposal 3: UL LBT duration is absorbed in the CP and GP duration and the PRACH sequence is as in Rel-13.
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