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1 Introduction
This contribution presents the UE synchronisation complexity specified for the OFDM signal reception as accepted following [1]. The basic method is presented as well as a simplified methods. The complexity is given as a general function depending on the implemented method. 

Based on this study, a text proposal is presented as an input to section “6.7.4 Synchronisation”, under the section “6.7 Analysis of User Equipment Complexity” of the TR [2].

2 Time Synchronisation procedure and complexity

It was noted in [1] that the main OFDM synchronization complexity is caused by time synchronization procedure. This operation may be done essentially by correlating the OFDM received signal over the guard interval length since the last part of each OFDM symbol is repeated at the beginning in the guard interval. The correlation can be done as:
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                                                (1)

where Ng is the guard interval length, and N is the data part length within the OFDM symbol, ( )* designs the complex conjugate operation. The correlation result is maximum for k=0 mod (N+Ng).

In order to have a coherent result, the propagation channel must remain relatively constant over the OFDM period. At the starting phase, this correlation must be applied on the incoming OFDM signal in order to detect the beginning of OFDM symbol, thus m spans the whole time axis.

As for the complexity, each point of the correlation requires Ng complex multiplications.

Figures 1, 2, 3 and 4 show the correlation results for both sets specified in [3] (set1 and set2) and for OIB channel and Vehicular A channel with a speed of 120 km/h.

It can be easily noticed from these figures that the correlation gives clear indication about the timing synchronization.
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Figure 1 - Correlation result on the received OFDM signal, correlation is done over the guard interval period. Set 1, OIB channel. 
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Figure 2 - Correlation result on the received OFDM signal, correlation is done over the guard interval period. Set1, VA120 channel. 
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Figure 3 - Correlation result on the received OFDM signal, correlation is done over the guard interval period. Set1, OIB channel. 
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Figure 4 - Correlation result on the received OFDM signal, correlation is done over the guard interval period. Set2, VA120 channel.


3 Initial synchronization

The method presented above is the general one, thus, it is the most complex. In order to reduce the complexity. In order to reduce the complexity, two possible methods may be applied:

1. reduce the calculation amount.

2. reduce the calculation frequency.

3.1 Reduce the calculation amount

This reduced complexity method can be applied at the beginning when looking for initial time synchronization. Simulation results presented in [3] show that the OFDM signal can tolerate timing synchronization error up to several “chip” periods. Thus, a reduced timing synchronization method, probably giving a less accurate timing result, can be applied for the initial synchronization without harming the demodulation results.

Three methods can be applied for reducing the calculation number:

1. increasing the correlation shift

2. increasing the correlation step

3. increasing both correlation shift and correlation step.

3.1.1 Increasing the correlation shift

In stead of calculating the correlation for every point m=0,1,2,… in equation (1), one can perform correlation for points separated by Corr_shift points. In other words, m will take values in {0, Corr_shift, 2*Corr_shift, 3*Corr_shift, …} (the original case is obtained for Corr_shift=1).

Figure 5 shows the correlation results for Corr_shift = 4Tc. It can be noticed that the correlation output is still accurate and gives sufficient information about timing synchronisation.

The complexity of this method is Corr_shift times less than the original method. In other words, each correlation point requires Ng complex multiplications, but the correlation operation is done Corr_shift less often.

This method can be done according to the following equation:
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Figure 5 – Correlation results on the received OFDM signal, correlation is done over the guard interval length, OIB channel, N=1024, Ng = 64, corr_shift = 4Tc.

3.1.2 Increasing the correlation step

In this case, in stead of spanning the whole guard interval length when fulfilling the correlation, only a part of it can be considered. From equation (1), this can be done by increasing the variable k value by Corr_step in stead of 1 as it is done for the original case.

This method can be done according to the following equation:
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Figure 6 shows the correlation results for Corr_step = 4Tc. It can be noticed that the correlation result is still accurate and gives sufficient information about the timing synchronization.

The resulting complexity is Corr_step times less complex than the original one.
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Figure 6 - Correlation results on the received OFDM signal, correlation is done over the guard interval length, OIB channel, N=1024, Ng = 64, corr_shift = Tc, corr_step = 4Tc.

3.1.3 Increasing both correlation shift and correlation step

This method combines both previous methods. The correlation is done over points separated by Corr_step and spans the time axis by Corr_shift intervals.

Figure 7 shows correlation results for set1 for Corr_shift = 2Tc and Corr_step = 2Tc. Figure 8 shows correlation results for set2 for Corr_shift = 4Tc and Corr_step = 4Tc. It can be noticed that correlation result is still accurate and gives sufficient information about the timing synchronization.
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Figure 7 - Correlation results on the received OFDM signal, correlation is done over the guard interval length, OIB channel,  set1 , corr_step = 2Tc,  corr_shift = 2Tc.
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Figure 8 - Correlation results on the received OFDM signal, correlation is done over the guard interval length, OIB channel, set2,  corr_shift = 4Tc, corr_step = 4Tc.

By applying this method, the complexity can be reduced by the factor : Corr_shift*Corr_step. In the case of these simulations, the complexity is reduced by a factor of 4 for set2 and 16 for set2.

3.2 Tracking  synchronization : Reduce the correlation frequency

This reduced complexity method can be applied when tracking time synchronization. According to equation (1), this can be done by fulfilling correlation only around the point m=0 mod (N+Ng) where the correlation result reaches its maximum value. This gives:
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where 2L stands for some interval around the origin point. The value of L may depend on the propagation channel condition, according to figures 1 and 2, an interval of 5 to 10 points is sufficient to track timing synchronization.

This correlation calculation may be done for every OFDM symbol. If channel condition and interferences are suitable, this operation can be repeated periodically every K OFDM symbols.

The resulting complexity is thus 2L*Ng complex multiplications for each time the correlation is calculated. The maximum complexity is 2L*Ng complex multiplications for each OFDM symbol.

4 Conclusion

The presented simulation results show that the correlation over the guard length interval can provides sufficient information about timing synchronization. Several reduced complexity methods are presented according to the case of use : initial synchronization or tracking synchronization.

Based on these results, a text proposal is presented for section 6.7.4 Synchronization under the section 6.7 Analysis of User Equipment Complexity. Since “Cell search and Measurements” referred to in section 6.7.3 of [2] require operation based on correlation as the one presented in this document, we suggest that both sections, i.e. “6.7.3 Cell search and Measurements” and “6.7.4 Synchronisation” will be exchanged.
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------------------------------------------- Start of Text Proposal --------------------------------------

6.7.3
Synchronization
Time OFDM synchronization can be done by fulfilling a correlation on the received signal over the  guard interval length. Since the guard interval inserted at the beginning of each OFDM symbol is the same as the last part of the same OFDM symbol, thus, the correlation result gives a maximum value when it is done over these two parts. By detecting the position of this maximum value, timing synchronization can be obtained. This can be done according to the following equation:
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where r(k) stands for the received sampled signal, Ng is the guard interval length, and N is the data part length within the OFDM symbol, ( )* designs the complex conjugate operation. The correlation result is maximum for k=0 mod (N+Ng).

In section 6.5.2, two scenarios were proposed concerning the base time cooperation between the W-CDMA system and the OFDM signal. The OFDM time synchronization complexity depends on the adopted method.

6.7.3.1  WCDMA-OFDM independent clock 

In this case, the OFDM time initial synchronization has to be done basically with the OFDM received signal according to the correlation method presented above. Meanwhile, reduced complexity correlation methods can be used for this stage of synchronization by three correlation methods :

· correlation is done every Corr_shift  points

· correlation is done over points spaced by Corr_step points

· correlation is done every Corr_shift  points and over points spaced by Corr_step points 

The following equation summarizes these methods:
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(the original correlation method is obtained for Corr_shift = 1 and Corr_step = 1)

Thus, for an OFDM signal length of K points, the resulting calculation complexity in term of complex multiplications is given by : K/Corr_shift * Ng/Corr_step.

Once the initial synchronization is established, time synchronization tracking can be done according to section 6.7.3.2.

6.7.3.2  WCDMA-OFDM shared clock 

In this case, only time synchronization tracking is required. In this case, the correlation can done only on few points around the expected maximum value in order to adjust the sampling clock. This can be done as follow
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where 2L stands for some interval around the supposed maximum value point. Thus, for each OFDM symbol, 2L*Ng complex multiplications are required. This correlation may not be applied for every new OFDM received symbol thus the resulting complexity can be further reduced.

6.7.4  Cell Search and Measurements.
------------------------------------------  End of Text Proposal -----------------------------------------
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