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Introduction
A working assumption related to synchronization for a downlink burst transmission was reached in RAN1 #82bis: 
· Adopt one of the following options for achieving synchronization in addition to synchronization provided by DRS:
· Option 1: Initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the DL transmission burst. 4 CRS-port 0 OFDM symbols are transmitted in at least the first subframe of DL transmission burst 
· Option 2: 4 CRS-port 0 OFDM symbols are transmitted in a subframe

In this contribution, we propose to adopt Option 1, where the LAA synchronization signal consists of frequency repetitions of the existing PSS and SSS sequences, which help the receiver to do one shot measurement as well as to facilitate a low complexity PSS/SSS detection implementation. Simulation results are also provided to show the detection performance.   
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In the subsequent sections, issues of Option 2 and the details of Option 1 are discussed.
Performance issues of Option 2
Synchronization needs to be achieved for any subframe within the DL transmission burst, including the first subframe. Hence, Option 2 would provide worse synchronization performance than Option 1, since its signals are subset of those of Option 1. Moreover, it has been shown in [1] that synchronization performance based on CRS is not sufficient unless one entire subframe with 4 CRS-port 0 symbols in a bandwidth no less than 5 MHz is transmitted.
Complexity Issues of Option 2
Synchronization based on one subframe with 4 CRS-port 0 OFDM symbols may be possible but is not preferred because:
· High detection complexity: The CRS can be used for synchronization tracking/fine synchronization but is typically not used for synchronization acquisition (for which the PSS/SSS are used). Thus, by utilizing the time/frequency synchronization obtained from the PSS/SSS, the CRS based synchronization tracking/fine synchronization could be performed in the frequency domain. Although only one FFT operation may be needed to transform the signal to frequency domain, given the coarse synchronization obtained from the PSS/SSS, the detection complexity may still be larger than for the PSS/SSS detection due to larger number of multiplications for computing correlations/phase differences. This is both due to that the bandwidth (and therefore the sampling rate) of the CRS is much larger than that of the PSS/SSS (which may use a sampling rate of 0.96 MHz) and that the CRS is transmitted in multiple OFDM symbols. In contrast to the CRS, the PSS/SSS also have properties (e.g., signal symmetries, conjugate pair relations) which reduce the multiplication complexity.
If the CRS is to be used for synchronization acquisition, the detection complexity will be even larger. One option is to implement new time-domain matched filters for the CRS. This will be utterly complex, i.e., the UE needs to implement 504 matched filters with sampling rates up to 30.72 MHz. The other option is to use frequency-domain detection. As discussed above, this is still more complex than PSS/SSS detection. Moreover, in this case, multiple FFT operations may be needed.  
· Increased complexity in terms of buffer size: It would be noted that the UE may need to acquire one entire subframe with 4 CRS-port 0 OFDM symbols to achieve synchronization for Option 2. However, the subframe with 4 CRS-port 0 OFDM symbols would be any subframe and possibly not the first subframe, which means the UE needs to buffer even more than one subframe to collect 4 CRS-port 0 OFDM symbols for synchronization. 

It should be noted Option 2 essentially proposes that synchronization acquisition is based on CRS, which is a new functionality in addition to the legacy functionality using CRS for synchronization tracking and therefore causes additional implementation complexity.
One may argue that UEs which wake up from DRX may miss the transmission of the initial signal and will have to rely on the CRS for the synchronization. First, this case only happens when the UE is configured with DRX and wakes up after the initial signal period within a downlink burst. Second, using CRS for synchronization acquisition is not necessarily needed since:
· The UE may wake up several TTIs (no longer than a maximum occupancy time) earlier to make sure the initial signal is not missed. In this way a one-shot synchronization can be achieved already by the initial signal detection in low complexity and CRS can always be used for synchronization tracking. Note that early wake-up may also be needed for Option 2 since synchronization requires at least 4 CRS symbols which is not ensured even the UE buffers one full subframe (e.g. with only 1/2 CRS symbols) in Option 2.
Observation 1: The detection complexity for Option 2 (i.e., 4 CRS-port 0 OFDM symbols are transmitted in a subframe) is significantly larger than that of an initial signal based on PSS/SSS. 
Details of Option 1
It has been shown [4-6] that for synchronization purpose, the LTE synchronization signals (using one length-62 PSS sequence and one length-62 SSS sequence) are not sufficient for supporting one-shot synchronization in a low serving cell SNR condition, e.g. significantly less than 99% at SNR=-3 dB. Typically, the UE may need to detect the synchronization signals successfully in multiple occasions, which is not desirable or always possible for LAA. 
Given the LAA bandwidth being no less than 5 MHz, it is possible to transmit multiple synchronization sequences within an OFDM symbol. Our proposal for LAA synchronization signal is shown in Fig. 1, which contains two OFDM symbols, one for primary synchronization signal and the other for secondary synchronization signal, while each OFDM symbol contains 4 repeated PSS sequences or SSS sequences mapped in the central 25 PRBs. If the transmission bandwidth is larger than 25 PRBs, CRS is mapped in the resource elements outside of the central 25 PRBs. 
In this way a unified mapping of synchronization signals for different bandwidth options is achieved which simplifies the UE detection of synchronization signals, while additional CRS could be used in the bandwidth options larger than 25 PRBs to boost the performance, e.g. channel estimation, measurements.
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Figure 1. LAA synchronization signal containing 4 frequency repeated PSS or SSS in the central 25 PRBs. CRS is transmitted outside of the central 25 PRBs for transmission bandwidth > 25 PRBs. 
Simulation Results
Detection Performance






The detection performance is evaluated for a 1TX/2RX 5 MHz system with different values of repetition factor N. We evaluate performance assuming whether is correctly assumed or not. For 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  SSS hypotheses because an initial signal  from a non-serving cell with the same  shall be not decoded by the UE as a valid initial signal. For the case of all cell hypotheses, the UE performs synchronization signal detection with all cell ID hypotheses, as both  and  are unknown to the UE. 
We perform evaluations where 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 5 ms as in Rel-8, while the PSS/SSS detection is done based on one-shot, i.e. within a 5 ms period. A correct detection is counted if the detected cell ID is correct and the timing error is within 4 samples. The legacy PSS/SSS, i.e. 1X repetition, 2X repetition, and 4X repetition are evaluated. 
It is observed from Fig. 2 that at a -3 dB SNR, the detection probability is 91.6% for the legacy PSS/SSS, while 99.5% for 4X repetition. A repetition factor of four seems reasonable to satisfy above 99% detection probability at -3 dB SNR.
Observation 2: One-shot synchronization is not achieved by legacy PSS/SSS (detection probability below 92% at -3dB SNR), while satisfied by 4 frequency repeated PSS/SSS sequences within an OFDM symbol.
Peak-to-Average Power Ratio (PAPR)
PAPR performance is evaluated for two kinds of OFDM symbols:
· Normal OFDM symbol. For a normal OFDM symbol, random QPSK symbols are mapped to all the available subcarriers. Both 5 MHz and 20 MHz are considered.
· OFDM symbol with 4X PSS repetition. The PSS mapping is given in Figure 1, i.e. {PSS, 0, PSS, 0, PSS, 0, PSS} and {CRS, PSS, 0, PSS, 0, PSS, 0, PSS, CRS} for 20MHz bandwidth, where each PSS is mapped to 63 resource elements and there are 16 empty resource elements (the ‘0’) in the frequency gap of two adjacent PSS sequence.
The CDF curves of PAPR results for normal OFDM symbols are derived over 5000 randomly generated OFDM symbols. Oversampling rate of 32 is used. The evaluation results are given in Fig. 3. For 20 MHz case with 4Tx PSS repetition, CRS is generated using random QPSK symbols for simplicity, with one QPSK symbol every 6 REs and 6 times power boosting is used to maintain the same power level every PRB.
It can be observed that for a 5 MHz carrier, the PAPR of an OFDM symbol with 4X PSS repetition is not higher than a normal OFDM symbol (95% CDF as reference). For a 20 MHz carrier, the PAPR of an OFDM symbol with 4X PSS repetition and CRS is similar as a normal OFDM symbol.
Observation 3: The PAPR of an OFDM symbol with 4 frequency repeated Rel-8 PSS sequences is not above the PAPR of an OFDM symbol with PDSCH.  
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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
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Figure 3. CDF of PAPR of an OFDM symbol in 5MHz and 20MHz.
Detection Complexity Analysis
One advantage of PSS/SSS frequency repetition for one-shot synchronization 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 [3] for further details. The low-complexity detection of the SSS is maintained by reusing the Fast Hadamard Transform (FHT) based receiver. 
Conclusions
Option 2 (i.e., 4 CRS-port 0 OFDM symbols are transmitted in a subframe) requires new functionality using CRS for synchronization acquisition in addition to the legacy functionality using CRS for synchronization tracking. It is not preferred as it causes high detection complexity and requires a memory buffer for a whole subframe. Option 1 with PSS/SSS frequency repetition can reuse legacy implementation, offers better performance and is therefore preferred. Hence, there are no merits of Option 2 and Option 1 should be adopted according to the following proposal.
Proposal: Option 1 is adopted for achieving synchronization in addition to synchronization provided by DRS.
· The initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the DL transmission burst, with one OFDM symbol containing 4 frequency repeated Rel-8 PSS sequences and one OFDM symbol containing 4 frequency repeated Rel-8 SSS sequences in the central 25 PRBs. 
· CRS is transmitted in the REs outside of the central 25 PRBs. 
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