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1. Introduction
At RAN1 #51bis, several decisions were made regarding the usage of DwPTS.  Considering the agreements as well as previous agreements, it may be noted that  

· The minimum length of DwPTS is three OFDM symbols;
· Downlink control signaling shall always be present in DwPTS;
· Downlink reference signals shall always be present in DwPTS;
· Primary synchronization signal (PSS) is transmitted in the first OFDM symbol in DwPTS.
Further, due to the position of the PSS, concerns have been raised with regards to the cyclic prefix of the P-SCH ‎[3]  as well as to the positions of the reference signals ‎[2]. According to ‎[2], it is preferable to have the same reference signal pattern in all subframes. Additionally, the position of the PSS has an impact on the control signaling design in DwPTS as well as possibly the processing delay budget. Since the minimum length of DwPTS has now been agreed to be three symbols, as compared to one previously, we propose to significantly simplify the design of DwPTS by moving the position of the PSS and instead transmit it in the third symbol of the same slot. In doing this we can use the same reference signal patterns as in other DL subframe, and the impact on the control signaling is significantly reduced. The secondary synchronization signal (SSS) would still be sent in the last symbol of slots 0 and 5, which immediately precede DwPTS.  This is illustrated in Figure 1.
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Figure 1: Current and proposed position (first and third symbol of DwPTS respectively) of the primary synchronization signal (PSS).
Moving the PSS in this way would increase the distance (in time) between the SSS and the PSS, from being sent in adjacent symbols to being three symbols apart. An obvious question is what influence this will have on cell search performance when the cell identity is determined.  We consider this in the present contribution in order to argue that cell search performance may be good also if the PSS is sent in the third symbol of DwPTS. Based on this we discuss a design change for DwPTS.
2. Cell search

2.1. Background and Algorithm
In the initial cell search procedure, as well as when searching for neighboring cells while the UE is already camping on a particular cell, the primary and synchronization signals are used. Once the PSS has been detected and its timing has been determined, the UE searches for the SSS which together with the PSS establish the cell ID of the cell. In decoding the SSS, the PSS, whose symbols are known to the UE, can be used as a phase-reference (coherent SSS detection).  If the PSS follows immediately after the SSS, as is the case in FDD and at least currently also for TDD, the channel will change little between these two symbols and hence coherent detection will typically be excellent for decoding the SSS. If the PSS and SSS are further separated in time the channel will change more between these two symbols, in particular at high Doppler frequencies, and one may argue that an effect of this will be degraded cell search performance, i.e. a decreased probability that the UE manages to correctly decode the SSS. 

Another approach is non-coherent detection, in which the PSS is used to obtain the correct timing, but otherwise not used in the decoding the SSS. Instead one may e.g. divide the SSS into smaller blocks and do coherent correlation to the SSS short codes within these blocks and non-coherent correlation across the blocks.
2.2. Simulation results

Figure 2 plots 90% percentiles of the empirical distribution, obtained by Monte Carlo simulation, of the number of search occasions needed to correctly detect the SSS. Since the PSS/SSS are sent twice per frame, such a search occasion occurs every 5 ms. Results are plotted for two different detection algorithms, one coherent and one non-coherent, and different SNRs. The channel model used was Typical Urban (TU), together with Doppler frequencies of 150, 300  and 450Hz. For the TDD simulations the PSS was sent in the third symbol of DwPTS, while for FDD the PSS and SSS are sent in adjacent symbols; the results for FDD are hence valid also for a TDD implementation in which PSS is sent in the first symbol of DwPTS.
Two main conclusions can be drawn from these results. The first one is that coherent detection works better than non-coherent, in particular at low SNRs. The second one is that for coherent detection, the difference between TDD (with a larger distance between PSS and SSS) and FDD is small, and insignificant at SNRs above -5 dB. Non-coherent detection works the same way for FDD and TDD, and hence there is no difference.

3. Conclusion

From the present contribution one can deduce that the difference in performance of SSS detection may be minor if the PSS in moved from the first to the third symbol of DwPTS in TDD. Given the other advantages of this modification, it is proposed to consider that such a change to TDD in done.  This would mean that 
· The primary synchronization signal is always transmitted in the third symbol of DwPTS.

· The  reference signal patterns used in DwPTS are the same as for any other DL subframe

· DL control signaling can be transmitted in the first one, two or three symbols

· For the case that the third symbol of DwPTS is used for control signaling,, it is for further studies whether the mapping of the control signaling shall be specialized so as to avoid collision with the PSS or whether the PSS shall simply puncture the control signaling. 

The advantages include uniform and same reference signal structure, preferable according to ‎[2], no need to possibly modify the CP length of  the symbols in DwPTS as considered in ‎[3], and possibility to detect and distinguish between FDD and TDD , at an earlier stage, see also ‎[4].
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Figure 2: Simulated 90% percentiles of distribution of number of search occasions to correct SSS detection for a coherent detection algorithm and a non-coherent ditto, as a function of SNR. For TDD it is assumed that the PSS is sent in the 3rd symbol of DwPTS. Channel model Typical Urban was used, and Doppler frequencies 150, 300 and 450Hz.
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