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1 Introduction

Contention-free random access procedure on an LAA Scell shall be supported to estimate timing advance command for uplink transmission since the LAA Scell and the licensed Pcell may be configured with two TAGs. However, new PRACH waveform for eLAA may be introduced due to the regulation requirement that the occupied channel bandwidth of transmitted signal shall be between 80 % and 100 % of the declared nominal channel bandwidth [1]. Up to RAN1 meeting #84bis, three waveform schemes for eLAA PRACH transmission in one subframe were proposed:
Scheme 1: repetition of preamble format 0 in frequency domain.
Scheme 2: repetition of DMRS symbol in time domain with interlaced RB mapping.
Scheme 3: structure of preamble format 0 in time domain with interlaced RB mapping.

In this contribution, the details of the above three PRACH waveform schemes are discussed. The detection performance of the three schemes can be found in the companion contribution [2].
2 PRACH waveform for eLAA
2.1 Scheme 1: Repetition of preamble format 0 in frequency domain
Scheme 1 is to reuse the legacy preamble format 0. To meet the channel bandwidth requirement, multiple copies of one preamble may be transmitted in frequency domain so the PRACH waveform can have a span of at least 80% of the system bandwidth. In addition, the transmitting power will be increased with more PRACH copies in the frequency domain to alleviate the impact of power density limit.
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Figure 1: Repetition of preamble format 0 in frequency domain
Figure 1 shows the structure of scheme 1. In this scheme, legacy PRACH which occupies 6 continuous RBs is reused. One PRACH resource shall include at least two legacy PRACHs where the first RB and the last RB allocated to the PRACH resource shall have a span of at least 80% of the system bandwidth. The number of legacy PRACHs in one PRACH resource may be configurable to fulfill scenarios that require different transmitting powers. 

The legacy sequences and detection algorithm of this scheme can be reused. However, the transmitting power of this scheme depends on the number of the preamble copies in the frequency domain. To achieve more transmitting power, more resources will be occupied for preamble transmission hence more interlaces for PUSCH transmission of the other multiplexed UE will be ruined.  
2.2 Scheme 2: Repetition of DMRS symbol in time domain with interlaced RB mapping 
Scheme 2 is to reuse DMRS symbol as PRACH preamble, so PRACH and PUSCH have the same subcarrier spacing of 15 kHz and in frequency domain one PRACH resource may occupy one interlace as PUSCH. In time domain, multiple DMRS symbols are repeated to increase transmitting power. Considering that the CP of DMRS symbol in NCP subframe (4.7us) cannot meet the TA estimation requirement of LAA Scell, a longer CP for PRACH preamble instead of normal CP is proposed for PRACH. The last symbol shall be blanked to avoid introducing interference to next subframe.
More specifically, there are two options for preamble transmission, as illustrated in Figure 2.

Option 1: One DMRS symbol is repeated several times in time domain without CP since each symbol may act as a CP for the next symbol. The FFT operation of PRACH preamble and PUSCH can share one FFT window. To resist the interference due to signal transmission delay and channel multi-path, the first symbol shall be removed as CP. However, extra processing complexity is required since the phase rotations of each copy are different if following the FFT operation of data symbols. The number of useful copies is 12 for some signal sections are discarded as CP.      
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Figure 2: Repetition of DMRS symbol in time domain with interlaced RB mapping
Option 2: The CP length of PRACH preamble is integral times of NCP length, e.g., 13 times of NCP length. The information part includes 13 copies in time domain of one DMRS symbol without CP. The FFT operation of PRACH preamble and PUSCH are independent, but 13 copies of one DMRS symbol can be obtained and the receiver processing is simpler than option 1. 

For both of the above options, the full transmitting power can be utilized and it will occupy less resource when PRACH and PUSCH are multiplexed. However, to construct 64 preamble sequences (legacy requirement), more root sequences in one cell are needed. For example, assuming the search window of each PRACH preamble is 33.3 microseconds, two users can be multiplexed in one root sequence, so the required root sequence number is 32 for each cell. 
2.3 Scheme 3: Structure of preamble format 0 in time domain with interlaced RB mapping
Scheme 3 is to reuse time domain structure of legacy preamble format 0 while keeping legacy subcarrier spacing of 1.25 kHz for PRACH. In frequency domain, one PRACH resource may occupy one interlace as PUSCH. For each RB in PRACH interlace, there are 144 subcarriers and the preamble may occupy the center 120 subcarriers for 12 subcarriers on each side shall be blanked to avoid interference as legacy PRACH. The sequence generation in this case is similar to DMRS, e.g., a long ZC sequence is applied to one interlace and a short orthogonal sequence is applied to each RB to define cyclic shift, except the cyclic shift is extended to 120. Figure 3 illustrates the structure.
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Figure 3: Structure of preamble format 0 in time domain with interlaced RB mapping

Similar to scheme 2, the full transmitting power can be utilized and less resource will be occupied when PRACH and PUSCH are multiplexed in this scheme. However, less root sequences are required to support 64 preamble sequences (legacy requirement) compared to scheme2. For example, assume a search window of each PRACH preamble is 33.3 microseconds, 24 users can be multiplexed in one root sequence, so the required root sequence number is 3 for each cell. 
3 Summary of PRACH waveform schemes
The evaluation of different PRACH waveform schemes can be found in [2]. The characteristic, advantages, disadvantages and performance of the candidate PRACH waveform schemes are summarized in the following table.

Table 1 Summary of PRACH waveform schemes
	
	Scheme 1
	Scheme 2
	Scheme 3

	
	
	Option 1
	Option 2
	

	Characteristic
	· 6 continuous PRB as legacy pattern
· Repeat in frequency domain to span 80% bandwidth
· 1.25 kHz subcarrier
	· RBs are uniformly distributed in frequency interlace
· 15 kHz subcarrier

· DMRS symbol repetition in time domain
	· RBs are uniformly distributed in frequency interlace

· 1.25 kHz subcarrier

· Same structure of preamble format 0 in time domain

	Advantage 
	· Reuse legacy PRACH structure and preamble

· Large number of PRACH multiplexing in one root sequence
· Small spec effort
	· Multiplexing with PUSCH

· Utilize full transmitting power
· Share PUSCH FFT operation
	· Multiplexing with PUSCH

· Utilize full transmitting power

· More preamble energy in time domain compared to scheme 2 option1
	· Multiplexing with PUSCH

· Utilize full transmitting power
· Large number of PRACH multiplexing in one root sequence

	Disadvantage 
	· Hard to utilize full transmitting power

· Less efficient to multiplexing with PUSCH 
	· Small number of PRACH multiplexing in one root sequence

· Extra processing complexity of phase rotating
	· Small number of PRACH multiplexing in one root sequence 

· Independent PUSCH and PRACH FFT window at eNB
	· Independent FFT operation

· Extended cyclic shift 

	Performance
	Worst 
	Middle
	Slight better than scheme 2 option1
	Best 


Based on the above discussion, scheme 3 is proposed:

Proposal: A structure of preamble format 0 in time domain with interlaced RB mapping is recommended as PRACH on LAA Scell.
4 Conclusion
In this contribution, the details of candidate PRACH waveform schemes are discussed. Based on the discussion, it is proposed:

Proposal: A structure of preamble format 0 in time domain with interlaced RB mapping is recommended as PRACH on LAA Scell.
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