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Introduction
During the LAA study item phase, it was concluded that the functionalities of AGC setting and channel reservation can be supported by transmission of some signals from the beginning of a downlink burst, while the functionalities of detection of the LAA downlink transmission (including cell identification) by UEs and time & frequency synchronization of UEs, may also be supported by some signals at the beginning of the downlink burst [1].
In this contribution, we propose to transmit a preamble at the beginning of the downlink burst to support all the above mentioned functionalities. Preamble detection performance is enhanced by frequency repeating the existing PSS and SSS sequence, which facilitates a low complexity PSS/SSS detection implementation. In addition, similar design could be reused by LAA discovery signal for purpose of one-shot detection. Simulation results are also provided to show the detection performance.   
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In the subsequent sections, motivations for LAA preamble, preamble design principles, the detailed preamble design and the evaluation results are provided.
1.1 
Motivation for LAA preamble  
The main motivation of LAA preamble is to provide the functionalities of indication of LAA downlink transmission and time & frequency synchronization of UEs in addition to AGC setting and channel reservation, as analyzed in [2]. 
It should be noted there is a potential different view on achieving these functionalities, i.e. non-preamble based, which basically assumes that synchronization could be achieved by the previously transmitted discovery reference signals, while the detection of downlink transmission could be achieved by blind PDCCH/EPDCCH detection.
However, it has not been shown that DRS based synchronization is sufficient for UE downlink reception. It should be noted that DRS is transmitted subject to LBT and it is not clear how DRS based synchronization can be used for UE to acquire SYNC in case there is a long gap between the current transmission and the last transmission. It was shown in [3] that there is 5% probability for inter-DRS latency ≥ 440ms given a low DRS cycle of 40ms under the condition of indoor scenario with one Wi-Fi operator with high buffer occupancy and one LAA operator.  In this case, the UE is actually Out-Of-SYNC and may not be able to even decode PDCCH, and therefore it is impossible to receive any downlink transmission until the next DRS occasion.
In addition, the preamble based solution may result in reduced complexity over non-preamble based solution given the same amount of downlink start positions supported, as the preamble detection does not need to try different PDCCH blind decoding attempts. The preamble can be detected by all the UEs in the cell, which avoids a new cell specific PDCCH format design as in the non-preamble based method also intended that all the UEs in the cell aware of the downlink burst existence.
A detailed analysis of comparison of Preamble Based and Non-Preamble Based schemes is given in [4], which concludes that preamble based solution is advantageous in terms of sync performance, detection reliability of downlink transmission, contention fairness, utilization of reference signals and UE complexity.
Proposal 1: LAA preamble is used for detection of LAA downlink transmission and synchronization.
LAA preamble design principles
The LAA preamble design preamble shall ensure proper synchronization performance, one shot detection, support all the functionalities mentioned in Sec. 2.1, facilitate the low-complexity detection and have similar time/frequency power level [4].
Furthermore, it was captured in the LAA TR that “it is recommended that the RS bandwidth and density/pattern of the DRS design for LAA allows support for RRM measurement based on a single DRS occasion.” It should be noted that both DRS and preamble for synchronization purpose would need change in the frequency domain as the legacy PSS/SSS exists in a bandwidth of around 1.08 MHz which is not able to satisfy the bandwidth occupancy requirement in the unlicensed band. Given the similar objective of one-shot cell identification and UE synchronization, it would be beneficial to have one unique design for the preamble and the DRS symbols for synchronization, which minimizes the speciation and implementation effort. 
Therefore the preamble should: 
· Contain at least one complete OFDM symbol for synchronization. 
· Be used for time and frequency synchronization and at least contain cell ID information. 
· Facilitate the low-complexity preamble signal detection. 
· Have equal, or at least similar, transmit power as that of an OFDM symbol containing data/control channels.
· Be transmitted over the entire bandwidth and be evenly distributed in the frequency domain.
· Support one unique design for the preamble and the DRS symbols for synchronization
LAA preamble design and performance
LAA preamble design
It was well known that for synchronization purpose, the current synchronization signal design with one length-62 PSS sequence and one length-62 SSS sequence is not sufficient to support one-shot synchronization in a low serving cell SNR condition, e.g. SNR of -3dB. Typically, the UE may need to detect the synchronization signals successfully in multiple occasions. If a unique design for the preamble and DRS for synchronization is targeted, the synchronization signals shall satisfy one shot DRS measurement in a neighbor cell SNR condition, e.g. SNR of -6dB. Therefore current DRS synchronization signal design shall be enhanced in terms of performance. 
Given the LAA bandwidth no less than 5 MHz, it is possible to enhance synchronization performance by frequency repetition. The LAA preamble is given in Fig.1, where an LAA preamble contains two OFDM symbols, one for primary synchronization signal and the other for secondary synchronization signal, while each OFDM symbols contains N (N<=4 to be within 25 PRB) repeated PSS sequences or SSS sequences. 

 (
5MHz
S
S
P
P
P
S
PSS
SSS
…
…
N Repetition
)
Figure 1. LAA Preamble in 5MHz including frequency repeated synchronization sequences with repetition faction N <=4. Same design is used for DRS symbols containing PSS and SSS.

Evaluation Results






The detection performance is evaluated for a 1TX/2RX 5 MHz system with different values of repetition factor N. We evaluate performance under two assumptions; preamble detection and DRS detection. The difference between these two cases is  whether is correctly assumed or not. For preamble detection (also referred as serving cell hypotheses), the UE performs primary synchronization signal detection with the one known correct parameter (i.e., the PSS sequence is known), as the UE is already aware of serving cell ID from DRS detection, while performs secondary synchronization signal detection with all 168  hypotheses because a preamble from a non-serving cell with the same  shall be not decoded by the UE as a valid preamble. For DRS detection (also referred as all cell hypotheses), the UE performs primary synchronization signal detection with all cell ID hypotheses, as both  and  are unknown to the UE. 
The carrier frequency is 5 GHz and a frequency offset is uniformly distributed within [-500 500] Hz. The channel model is EVA3. A PSS detection threshold is set such that the PSS false alarm target is 0.1%, where a PSS false alarm is defined as nothing is transmitted while a PSS is detected. In the simulation the frequency repeated PSS/SSS symbols are generated once per 5ms as in Rel-8, while the PSS/SSS detection is done based on one-shot, i.e. within a 5ms period. A correct detection is counted if the detected cell ID is correct and the timing error is within 4 samples.
It is observed from Fig.2 that at a -3 dB SNR, the detection probability assuming serving cell hypothesis is 99.5% when four PSS/SSS sequences are repeated, while at a -6 dB SNR, the detection probability assuming all cell ID hypotheses is 98.9%. A repetition factor of four seems reasonable to satisfy above 99% detection probability for preamble detection at -3 dB SNR and around 99% detection probability for DRS detection at -6 dB SNR.

Complexity analysis
One advantage of PSS/SSS frequency repetition for preamble and DRS is the reduced complexity. The existing PSS and SSS sequences are re-used, which minimizes both the implementation and specification work. Low-complexity detection is inherited by reusing the PSS and SSS design and corresponding receivers. It is well-known that the central symmetry of the PSS sequences can reduce the number of multiplications in the receiver (~50%) and allows parallel detection of multiple PSS sequences with the complexity of just one sequence. Alternatively, a receiver matched to the signal generated from all PSS sequences will achieve the same reductions, see Appendix for further details. The low-complexity detection of the SSS is maintained by reusing the Fast Hadamard Transform (FHT) based receiver
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Figure 2. Synchronization signal detection probability at a PSS false alarm target 0.1%. The solid curves correspond to the detection with all cell ID hypotheses. The dashed curves correspond to the detection with the one known correct PSS sequence () and all SSS () hypotheses.
Proposal 2: LAA preamble uses one OFDM symbol with 4 frequency repeated Rel-8 PSS sequences and one OFDM symbol with 4 frequency repeated Rel-8 SSS sequences. Similar design is used for DRS symbols containing synchronization signals.   
Conclusions
DRS is supported by LAA which can be used for synchronization. However, there is no guarantee of a minimum gap between the previously transmitted DRS and the current downlink burst as both transmissions are contention based. A preamble is therefore needed to ensure the UE is able to acquire proper synchronization performance. In addition, as the start of a LAA downlink burst is not always at the subframe boundary, an LAA preamble is advantageous to indicate a downlink burst over PDCCH in terms of detection complexity.
A design with one OFDM symbol with four frequency repeated Rel-8 PSS sequences and one OFDM symbol with four frequency repeated Rel-8 SSS sequences provides a detection probability of 99.5% assuming serving cell hypothesis at -3 dB SNR, which is sufficient for preamble detection, and a detection probability of 98.9% assuming all cell hypothesis at -6 dB SNR, which is also reliable for DRS detection. Low complexity detection for is maintained for the frequency repetition of existing PSS/SSS sequences.
Proposal 1: LAA preamble is used for detection of LAA downlink transmission and synchronization.
Proposal 2: LAA preamble uses one OFDM symbol with 4 frequency repeated Rel-8 PSS sequences and one OFDM symbol with 4 frequency repeated Rel-8 SSS sequences. Similar design is used for DRS symbols containing synchronization signals.   
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Appendix. Detection of frequency multiplexed PSS sequences
As specified in 3GPP TS 36.211, the PSS is using a frequency domain sequence . The corresponding discrete time domain signal can be expressed as:  


The PSS is typically detected in the time-domain by a matched filter, i.e., the received samples are multiplied with a replica of the transmitted signal, thereby creating a correlation peak at the correct timing . 
Multiple matched filters
The matched filters of the UE can be reused by performing conversion and filtering in base-band in order to apply a  matched filter whose length is equal to the signal generated from one PSS sequence, as shown in Fig. 3.
Single matched filter
In the receiver, a single matched filter is applied to the signal generated from all PSS sequences, see Fig. 4. Thus the length of the matched filter has a length at least not being less than the number of subcarriers being modulated by the PSS sequences. 
Suppose that   PSS sequences are multiplexed in an OFDM symbol, each being mapped around a frequency . Thus, the signal generated from the m:th sequence is , where  is the PSS. Then, at the correct timing, a matched filter of length  produces the output 

since =0. That is, the accumulated energy corresponds to  times to that of a single PSS. 
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Figure 3. Baseband receiver structure for the preamble detector with multiple matched filters.
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Figure 4. Baseband receiver structure for the PSS detector with a single matched filter .
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