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1
Introduction

In the LTE LAA SID proposal [1], design objective for licensed assisted access (LAA) service to coexist with other devices operating in the unlicensed spectrum has been disclosed as follows:  

Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc.  This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band.
In relation to the previous contribution [4], we present a symbol synchronization field which aids OFDM symbol timing reference suitable for discontinuous transmission characterized by LBT, maximum transmission duration and etc.  The proposed timing synchronization field occupies only one OFDM symbol, and its performance and implementation complexity are evaluated. 
2
Fine symbol time synchronization field
For acquiring symbol timing information in the licensed bands, the UE searches the position of primary synchronization signal (PSS) for more than once to fine tune the OFDM symbol timing.  Because the PSS occupies only 6 PRBs, the resolution of estimated timing sample point in terms of 
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 is lower than the symbol timing resolution available for wideband (e.g. 20MHz BW), and thus the UE would often try multiple times to estimatie the PSS position expected at every 5ms.  Even after the UE acquires the position of PSS, it keeps track of its position.
The situation is different for the unlicensed band case, and it is much more difficult to track the PSS position because it is no longer guaranteed that PSS arrives to UE at every 5ms.  Although periodic transmission of discovery reference signal (DRS) can be utilized for acquiring fine time/frequency estimation in the unlicensed band, there is a possiblility that UE may not have acquired or successfully tracked sufficient fine time synchronization information in case the shared channel is occupied by other device(s), and as a consequence the SCell defer transmission of DRS for a relatively long time because of carrier sensing status remains busy for a long time.  As a quick remedy, frequent transmission of DRS may increase the probability of success for transmission/reception of DRS in the unlicensed band, but on the other hand this could also increase interference to other devices sharing the same spectrum.   Therefore, the matter of how often DRS shall be periodically sent is a trade-off problem between increasing the accuracy of fine synchronization performance and interference to other devices (as well as reducing the UE power consumption and etc.).  
To handle/achieve both the reduced interference and time synchronization performance in the above mentioned trade-off issue, we propose transmitting a newly designed timing synchronization field prefixed at both normal data transmission and DRS transmission occacsion.  By utilizing the proposed fine symbol time synchronization field (FTSF), the UE does not need to constantly track symbol timing information of any kind.  In addition, the complexity of FTSF is significantly lower than the conventional PSS correlation based method in terms of generation and correlation. 
Proposal 1: With a proper design, placing a dedicated OFDM symbol for timing synchronization at every transmission burst resolves fine timing synchronization issue caused by the aspect of discontinuous transmission, and it resolves the DRS transmission period trade-off problem between effectiveness/accuracy of fine synchronization performance and reduction of interference to other devices along with UE power consumption.
As shown in the Fig. 1, the FTSF is consisted of one OFDM symbol, and it is placed between variable length preamble [4] and LTE  subframe (or parital subframe).  The steps to construct variable-length preamble is as follows.  
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Figure 1. Structure and duration of the proposed preamble field

Basic FTSF sequence 
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is consisted of 2048 (30.72MHz 
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) time domain samples, thus having a signal duration of 66.67us.  With the inclusion of cyclic prefix, it’s final length becomes 2048+CP, depending on the length of the CP.  Golay sequences are used in the FTSF.   For 20MHz BW, length 1024 Golay sequence is used and then oversampled and filtered to be matched with the OFDM symbol length.  The time-domain complementary Golay sequences 
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is constructed by following recursive procedure
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Eq.(1)
where 
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 is a concatenated bi-polar bits from physical cell ID (i.e. 
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where 
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implies binary to bi-polar sign operator.  
For example, if 
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are set to 2 and 97, respectively.  Then the concatenated binary sequence becomes 0110000110.   In consequence, 
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Initial sequence is generated by setting 
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.  Then, transform 
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 into frequency domain by applying 
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Eq.(3)
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.   Then map the 
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 into a extended vector 
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Eq.(4)
In order to meet the minimum bandwidth occupancy requirement set by [3], redundancy is introduced in frequency domain signal 
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, and it is realized by adding 64 frequncy domain sample of 
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is represent as
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Finally converting 
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 back to time-domain by applying the following, 
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we obtain a sequence 
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, and p stands for power normalizing factor. Example of sequence is show in figure below if  
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are set to 
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Figure 2. Example s1024(n) sequence output and FTSF auto correlation result

As expected, the advantage of low peak power to average power ratio of single-carrier wave-form is observed, as shown in Fig. 2.  The peak value of auto correlation result in average is about 30dB higher than off-timed correlated values.  

Design of FTSF for narrower bandwidths other than 20MHz such as 15MHz, 10MHz, or 5MHz, the physical cell ID mapping to Golay sequnce generation is as follows.  For 15MHz and 10MHz bandwidths, 
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is used by generating 
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, which represents 9 bits instead of 10 bits.  This can be represented by redefining 
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For the last bit 
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, it can be encoded by defining a pair of permutation patterns for the location of the shift registers.  This can be realized, for example, by setting 
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 location of the shift registers can be 
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.  Then, similar to Eq. (3), the initial sequence 
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 is be transformed into frequency domain values.  By applying procedure similar to Eq. (4) and (5), remapping and adding redundancy to meet the minimum bandwidth requirement are achieved.   Finally converting back to time domain, 
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For 5MHz bandwidth, 
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is used by defining 
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 as a vector with 8 elements.  For the representation of last bit two bits, 
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, they can be encoded by defining 
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 with four permutated patterns of the shift registers location.  For example, 
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can have following patterns as a set,
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Then by applying procesdures similar to Eq. (3), (4), and (5), 
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is obtained.
3
Link performance analysis of the proposed fine symbol time synchronization field
In this section, we present link simulation performance results for PDSCH data using fading parameters comparable to ITU indoor hotspot non line of sight (NLOS) case.  For system bandwith, 100 PRBs are used for allocating for PDSCH.  TBS block sizes of 2792 and 7224 are chosen to deliverately lower channel coding rate, and thus, can evaluate the timing synchronization performance in low SNR region.  Perfect channel estimated is assumed, and transmit diversity is employed.  Finally carrier frequency offset is added to the simulation settings.  

 Fig. 3 shows simulated link-level performance results for analyzing the proposed FTSF.  The generated Golay 1024 A sequence that have been used for the simulation is the same as the signal wave form ploted in the previous section.  It is assumed that the receiver already has the physical cell ID, and, thus, be able to construct a correlator based on vector 
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 (for 20MHz 
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 is fixed).  Efficient Golay correlator [5] is used at the receiver side. By applying the efficient Golay correlator in [5], the implementation complexity for generating and correlating FTSF sequence is extremely low. The number of additions reguired for 
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.  The link-level simulaiton result of FTSF basead OFDM symbol timing performance is compared with perfect OFDM symbol timing case in the low SNR regime.  As can be seen in the figure, slight loss of performance is observed for TBS block size of 2792.  However, no codeword error floor introduced by synchronization is observable, and considering only a linear SNR loss, the performance FTSF is practically reasonable.  For TBS of 7224, the synchronization performance gap between perfect situation and the proposed is reduced when input SNR is increased.
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2792, R=0.097, QPSK, perfect sync.
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Figure 3 codeword error rate performance by FTSF for fine OFDM symbol timing
Even for the case when 1.0 ppm carrier frequency offset (CFO) is added (exceeding the recommended value in [6]), almost no performance loss is observed even in the low SNR region, as shown in Fig. 4.  
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2792, R=0.097, QPSK, Ga1024, CFO: 0ppm.
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Figure 4 codeword error rate performance by FTSF for fine OFDM symbol timing with CFO
Proposal 2: FTSF also has the usefulness/convenience of encoding physical cell ID or any other userful information, and it offers excellent time synchronization performance suitable for discontinuous transmission burst while occupying only one OFDM symbol for low transmission burst overhead.
4
Discussion / conclusion

In this contribution, we presented a detailed design of the fine symbol timing field for optimal OFDM symbol timing reference suitable for discontinuous transmission in the LAA system.  In addition, performance and implementation complexity of FTSF are evaluated.  In conclusion the following proposal are made:

Proposal 1: With a proper design, placing a dedicated OFDM symbol for timing synchronization at every transmission burst resolves fine timing synchronization issue caused by the aspect of discontinuous transmission, and it resolves the DRS transmission period trade-off problem between effectiveness/accuracy of fine synchronization performance and reduction of interference to other devices along with UE power consumption.
Proposal 2: FTSF also has the usefulness/convenience of encoding physical cell ID or any other userful information, and it offers excellent time synchronization performance suitable for discontinuous transmission burst while occupying only one OFDM symbol for low transmission burst overhead.
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