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1. Introduction

In RAN #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 options for PRACH (random access preamble) design in LAA SCell.
2. Principles for PRACH design
We discuss the potential aspects where the PRACH design in legacy LTE system could be reconsidered for the usage in LAA SCell as follows.
Maximum PSD limitation
In most regional regulation in unlicensed band, maximum PSD (power spectral density) is restricted. To enable a UE to utilize its maximum transmit power (e.g. 23dBm) as much as possible under such a PSD regulation, it may be considered to introduce a new PRACH format whose transmission bandwidth is larger than legacy PRACH, e.g. 6 RBs.

Table 1 shows roughly calculated coverage of legacy PRACH format 0 depending on the transmit power assuming UMi NLOS path loss model [2].

Table 1  Coverage of PRACH format 0, UMi NLOS

	TXP
	23 dBm
	16 dBm
	10 dBm

	Coverage
	680 m
	440 m
	300 m

	Assumptions for the link budge calculation:

· Center frequency: 5 GHz

· Noise figure: 5dB

· Required SNR: -8dB

· Antenna gain: 0dBi


Even though the supportable coverage can be highly dependent on the assumptions used for the link budget calculation such as channel model, antenna gain, etc., enhancement to relax restriction to the UE’s maximum transmit power due to the PSD regulation may be beneficial. Enabling larger transmit power for PRACH may be also beneficial in muting the potential interference to the PRACH transmission through LBT operation.

Observation 1: Enhancement to relax restriction to the UE’s maximum transmit power due to the PSD regulation may be beneficial.
Bandwidth occupation
To be compliant with ETSI regulation on Occupied Channel Bandwidth [3], 99% of an LAA UE’s UL transmission power should occupy more than 80% of system bandwidth (which includes guard band). 
However, it is unclear if the PRACH transmission itself should satisfy the regulation since the occupied bandwidth regulation may be satisfied by rather a long term manner. It should be also noted that ETSI regulation defines exceptions on the bandwidth occupation such that UE’s 99% transmit power bandwidth may be temporarily smaller than 80% of system bandwidth while it should be larger than 4MHz.
Observation 2: It is unclear if individual PRACH transmission should satisfy ETSI regulation on Occupied Channel Bandwidth. It should be also noted that ETSI regulation defines exceptional case of 4MHz minimum occupied channel bandwidth.
Multiplexing with new PUSCH waveform
In RAN1#84, it was agreed to introduce RB-level multi-cluster transmission for PUSCH in LAA SCell. Therefore, it has to be considered whether/how to support coexistence between PRACH and multi-cluster PUSCH in a same subframe. It can be considered to introduce RB-level multi-cluster PRACH waveform, which requires considerable change of PRACH design from legacy PRACH. Other simple approaches can be considered as follows.

· approach 1) not supporting multiplexing PRACH and RB-level multi-cluster PUSCH in a same subframe

· approach 2) designing resource allocation for RB-level multi-cluster PUSCH to be flexible enough to avoid RBs occupied by PRACH in a same subframe
Observation 3: It should be considered whether/how to support coexistence of PRACH and RB-level multi-cluster PUSCH in a same subframe.
3. PRACH design options
Legacy PRACH formats are still useful at least for the UEs without coverage problem. Therefore, it is reasonable to support PRACH format 0 and 4 for LAA SCell regardless whether a new PRACH format is introduced for LAA SCell or not.

Suggestion 1: PRACH format 0 and 4 are supported for LAA SCell.
In addition to the legacy PRACH formats, new PRACH formats can be discussed considering the design principles discussed in section 2 as follows. 
Opt.1) Frequency domain repetition of legacy PRACH format
To relax the restriction to the maximum transmit power due to maximum PSD regulation, a simple way is to introduce a new PRACH format whose waveform id constructed by repeating legacy PRACH waveform over frequency domain as shown in figure 1. The following aspects can be considered.
· Number of frequency domain repetition and/or frequency domain spacing of the repetitions may or may not be system bandwidth dependent

· PRACH sequence can be different for each repetition to avoid unexpected sampling effect in time domain
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Figure 1. Example of frequency domain repetition of PRACH format 0 waveform
Opt.2) Enlarging subcarrier spacing of legacy PRACH format
To relax the restriction to the maximum transmit power due to maximum PSD regulation, another way is to introduce a new PRACH format by enlarging the subcarrier spacing of legacy PRACH waveform. Considering that symbol duration should not be too small in order to guarantee reasonable cell coverage, PRACH format 0 (symbol duration: ~800us, subcarrier spacing: 1.25 kHz) can be used. Table 1 shows the relationship between subcarrier spacing and transmission bandwidth with PRACH format 0 sequence, where subcarrier spacing of 5 kHz may be a reasonable candidate which increases transmission bandwidth of legacy PRACH waveform 4 times, which is within minimum system bandwidth (5 MHz) of LAA SCell. Resultant PRACH waveform may have to be repeated in time domain to provide sufficient transmission energy depending on the target coverage.
Table 1  Subcarrier spacing and transmission bandwidth with PRACH format 0 sequence

	Subcarrier spacing (kHz)
	1.25
	4.25
	5
	7.5
	15
	30

	Transmission bandwidth (MHz)
	1.04
	3.14
	4.19
	6.29
	12.58
	25.17


Opt.3) RB-based multi-cluster PRACH
To enable multiplexing PRACH with RB-based multi-cluster PUSCH in a same subframe, as well as to relax the restriction to the maximum transmit power due to maximum PSD regulation, designing RB-based multi-cluster PRACH can be considered. However, this approach may require a new PRACH sequence design and intensive performance analysis campaign since simple extension of legacy PRACH sequence to RB-based multi-cluster waveform may not guarantee the reasonable PRACH performance. Moreover, it will be difficult to reuse TX/RX modules for legacy PRACH waveform in LAA SCell.
Considering the discussions so far, we suggest the following for the new PRACH format design for LAA SCell.

Suggestion 2: If new PRACH format is introduced for LAA SCell, the following candidates are considered for constructing a new PRACH format.

opt.1) Frequency domain repetition of legacy PRACH waveform
opt.2) Enlarging subcarrier spacing of legacy PRACH waveform
4. Summary and conclusions

In this paper, we discussed random access preamble for LAA SCell. The observations and suggestions of this paper are summarized as follows.
Observation 1: Enhancement to relax restriction to the UE’s maximum transmit power due to the PSD regulation may be beneficial.
Observation 2: It is unclear if individual PRACH transmission should satisfy ETSI regulation on Occupied Channel Bandwidth. It should be also noted that ETSI regulation defines exceptional case of 4MHz minimum occupied channel bandwidth.
Observation 3: It should be considered whether/how to support coexistence of PRACH and RB-level multi-cluster PUSCH in a same subframe.
Suggestion 1: PRACH format 0 and 4 are supported for LAA SCell.
Suggestion 2: If new PRACH format is introduced for LAA SCell, the following candidates are considered for constructing a new PRACH format.

opt.1) Frequency domain repetition of legacy PRACH waveform

opt.2) Enlarging subcarrier spacing of legacy PRACH waveform
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