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1. Introduction

In RAN1#84 meeting, the following was agreed regarding random access in LAA SCell [1].
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 suggest principles and detailed design of PRACH (random access preamble) for LAA SCell.
2. PRACH design principles
In RAN1#84bis meeting, the following aspects were mainly discussed as the motivation for introducing new PRACH waveform for LAA SCell [2]
· Compliance with PSD regulation in unlicensed band
· Compliance with BW occupation regulation in unlicensed band (mainly for European region)
· Coexistence with RB-interlace based PUSCH transmission in a same subframe

Even though these aspects should be considered, legacy PRACH format can still work depending on the regional regulation and/or target cell coverage. Legacy PRACH may still provide gain of simplicity and well-designed waveform. Considering the generality of legacy PRACH format 0 in its coverage, we suggest the followings.  
Suggestion 1. Support at least legacy PRACH format 0 for LAA SCell
Suggestion 2. Support a new PRACH format (format X) in addition to legacy PRACH format(s) for LAA SCell
3. Options for PRACH format X
In RAN1#84bis meeting, the following options were suggested as new PRACH format for LAA SCell.
· option 1) frequency domain repetition of legacy PRACH waveform
· option 2) enlarging subcarrier spacing of legacy PRACH waveform
· option 3) RB-level interlaced structure

· option 4) shortened PRACH with compatible numerology with other UL physical channels/signals
· etc.

Considering the given limited time schedule for Rel-14 LAA and the fact that legacy PRACH waveforms were designed to provide flexibility and stability based on extensive discussion and evaluation, it is desirable to reuse the legacy PRACH waveform as much as possible. Considering the majority supports in RAN1#84bis meeting, we propose to adopt option 1, reusing legacy PRACH format 0 waveform as new PRACH format for LAA SCell. 
Suggestion 3. PRACH format X waveform is defined as frequency domain allocation of multiple PRACH format 0 waveforms
4. Details of PRACH format X
In this section, we suggest detailed design of PRACH format X.
Number of PRACH format X resources in a subframe
In legacy LTE, single PRACH resource can be configured in frequency domain in a subframe for any PRACH format for FDD. For TDD, multiple resources can be configured in a subframe for any PRACH format. For simplicity, we suggest the following.

 Suggestion 4. Single PRACH resource can be configured in a subframe for PRACH format X
Number of PRACH format 0 waveforms which composes a PRACH format X waveform

For network flexibility on the trade-offs between cell coverage and PRACH performances, number of PRACH format 0 waveforms which composes a single PRACH format X waveform should be configurable from 1 to [4]. With this approach, legacy PRACH format 0 on LAA SCell is supported inherently by configuring the number as 1.
 Suggestion 5. Number of PRACH format 0 waveforms, Nrep, which composes a single PRACH format X waveform is configurable from 1 to [4]
Frequency domain allocation of multiple PRACH format 0 waveforms

In LTE TDD, multiple PRACH resources can be configured in a subframe by the following formula, which is illustrated in figure 1.
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Figure 1. PRACH resource allocation in frequency domain in LTE TDD

In a similar way, PRACH format X waveform can be defined by the following parameters:

· Nrep: Number of PRACH format 0 waveforms composing a single PRACH format X waveform
· K: RB interval between PRACH format 0 waveforms, defined as interval between 1st PRBs of 6-RB PRACH format 0 waveforms
· noffset: RB offset from lowest RB index, where the first RB of PRACH format X is allocated

· fX: index of each PRACH format 0 waveform composing a single PRACH format X waveform

In addition, coexistence with RB-level interlaced PUSCH should be also considered in RB allocation for PRACH format X. In principle, it is desirable RBs composing a PRACH format X resource are overlapped with minimum number of RB-interlaces defined for PUSCH resource allocation. For this purpose, K should be equal to or multiples of RB interval in a RB-interlace for PUSCH, as illustrated in figure 2 below.
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(a) K (K=12) is not equal to RB interval (10 RBs) in a RB interlace for PUSCH
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(b) K (K=10) is equal to RB interval (10 RBs) in a RB interlace for PUSCH
Figure 2. Illustration of relationship between K and RB interlace for PUSCH

Then, we consider three options for RB allocation of PRACH format X in a subframe as follows, which are illustrated in figure 3.

· option 1) Multiple PRACH format 0 waveforms are allocated from lowest frequency

· option 2) Multiple PRACH format 0 waveforms are allocated alternatively from lowest frequency and highest frequency as in legacy LTE TDD.

Since it is complex to define PRACH resource allocation which satisfies good coexistence with RB-interlaces for PUSCH with option 2, option 1 is slightly preferable.
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(a) option 2
Figure 3. Illustration of options of RB allocation for PRACH format 5

Suggestion 6. RB allocation for a single PRACH format X resource in a subframe is based on the following parameters
· Nrep: Number of PRACH format 0 waveforms composing a single PRACH format X waveform

· K: RB interval between PRACH format 0 waveforms, defined as interval between 1st PRBs of 6-RB PRACH format 0 waveforms

· noffset: RB offset from lowest RB index, where the first RB of PRACH format X is allocated

· fX: index of each PRACH format 0 waveform composing a single PRACH format X waveform

Suggestion 7. RB allocation for a single PRACH format X resource in a subframe follows one of the following options.

· option 1) Multiple PRACH format 0 waveforms are allocated from lowest frequency

· option 2) Multiple PRACH format 0 waveforms are allocated alternatively from lowest frequency and highest frequency as in legacy LTE TDD.

PRACH format 0 sequences which composes a PRACH format X
When a PRACH format X consists of Nrep PRACH foramt 0 sequences, it is desirable not to repeat the same sequence (or same waveform) to avoid large PAPR or unexpected degradation of correlation performances. A simple way is to define a fixed offset between PRACH format 0 sequence indices which composes a PRACH format X waveform.

 Suggestion 8. Fixed offset is defined between PRACH format 0 sequence indices which composes a PRACH format X waveform
5. Summary and conclusions

In this paper, we discussed principles and detailed design of PRACH (random access preamble) for LAA SCell. The suggestions of this paper are summarized as follows.
Suggestion 1. Support at least legacy PRACH format 0 for LAA SCell
Suggestion 2. Support a new PRACH format (format X) in addition to legacy PRACH format(s) for LAA SCell
Suggestion 3. PRACH format X waveform is defined as frequency domain allocation of multiple PRACH format 0 waveforms

Suggestion 4. Single PRACH resource can be configured in a subframe for PRACH format X
Suggestion 5. Number of PRACH format 0 waveforms, Nrep, which composes a single PRACH format X waveform is configurable from 1 to [4]
Suggestion 6. RB allocation for a single PRACH format X resource in a subframe is based on the following parameters

· Nrep: Number of PRACH format 0 waveforms composing a single PRACH format X waveform

· K: RB interval between PRACH format 0 waveforms, defined as interval between 1st PRBs of 6-RB PRACH format 0 waveforms

· noffset: RB offset from lowest RB index, where the first RB of PRACH format X is allocated

· fX: index of each PRACH format 0 waveform composing a single PRACH format X waveform

Suggestion 7. RB allocation for a single PRACH format X resource in a subframe follows one of the following options.

· option 1) Multiple PRACH format 0 waveforms are allocated from lowest frequency

· option 2) Multiple PRACH format 0 waveforms are allocated alternatively from lowest frequency and highest frequency as in legacy LTE TDD.

Suggestion 8. Fixed offset is defined between PRACH format 0 sequence indices which composes a PRACH format X waveform
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