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1 Introduction
This contribution gives a basic line description of time and frequency synchronisation of the OFDM technique within the WCDMA system. These aspects are essential to recover the transmitted signal and demodulate it correctly. Two aspects are considered : Initial synchronization and tracking synchronization.

In [1], simulation-based results about sensitivity of the considered OFDM link level (presented in [2]) to time and frequency synchronization error are presented. It can be noticed from these results that the OFDM link has good resistance to these impairments.

In this document, the different scenarios of synchronization will be presented, followed by a presentation of one of the synchronization methods that my be used. 

An associated text proposal is enclosed at the end of the document for inclusion in TR25.892. 

2 Assumptions and scenarios

It was stated in the RAN1 OFDM Study Item that the OFDM modulation will be done on a separated frequency carrier. However, this will not constitute a separate cell, the OFDM link will be considered as an additional link to the WCDMA within the UTRAN system. This is in some how because the uplink control will be supported by WCDMA control channel. This uplink control will provide the OFDM link with parameters such as channel quality indicator, received power, decoded  BLER etc., thus, the OFDM transmitter unit will, in some how, be controlled by the WCDMA system.

In order to be as general as possible, several assumptions about the cooperation between WCDMA and OFDM system are considered. For each of the following cases, the initial communication is supposed to be established by the WCDMA link.

1. The less restrictive one states that both systems are independent. The communication is initialized by the WCDMA link. If an OFDM link is requested, the UTRAN will only indicate to the UE the OFDM carrier frequency. Both systems do not share the same time basis.

2. In case of increase cooperation between both links, the OFDM link will be controlled by the UTRAN system. This means that both WCDMA and OFDM time basis are common, and from this point of view, both links share the same time basis. When the OFDM link starts, the WCDMA reception link will be cut.

3. This case is similar to case 2, the difference is that the reception of both links is maintained at the same time.

Synchronization complexity is not the same for these cases since, for the first case, the UE has to synchronize himself in time and frequency. For the second one, only a tracking is required during the OFDM reception. As for the third scenario, no additional functionalities are required since they are already existing within the WCDMA link.

3.
Synchronization methods

Many synchronization methods have been already presented in the literature. The frequency and time synchronization methods presented in this section might be used. 

3.1
Frequency synchronization and tracking

Let F0 stands for the frequency carrier of the transmitted signal. Frequency synchronization consists on finding this value at the reception side. Because of impairments due to the fact that oscillators at the transmission and the reception side are never completely identical, even if the initial carrier frequency value was exactly found, a shift may occurs which must be corrected, this shift is usually supposed to be slow in time.

Frequency tracking can be done by using an Automatic Frequency Control (AFC). This unit detects the frequency changes between two successive pilot symbols. 

Let P stands for the pilot symbol value (i.e. a QPSK symbol), and let C(t) be the received pilot symbol at time t and C(t+T) the received pilot symbol at time t+T (T stands for the symbol period). By considering a frequency shift of 
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between the transmission and the reception side, one can write:
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Now if we consider that the channel remains constant over two consecutive pilot symbols, then one can write:
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The frequency drift is usually supposed to be slow in time, thus 
[image: image4.wmf]T

F

.

D

 can be considered small enough in such a way that 
[image: image5.wmf]FT

FT

D

@

D

p

p

2

)

2

sin(

. Thus by following the imaginary part of the product 
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one can get information about the frequency shift. This value can be used in order to control the VCO which drives the local oscillator.
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Figure 1- AFC frequency shift tracking 

In case of rapid varying channel, the frequency shift may be caused by variation in channel coefficient rather than frequency drift. This impairment can be adjusted by using an equalizer.  With no additional information, the receiver can not distinguish between these two phenomenon, thus a correction strategy must be applied in order to decide when to use the AFC. One possible strategy is to apply a frequency correction if the frequency shift goes beyond certain threshold, otherwise, the impairment can be considered to be caused by the channel variation and can be corrected by the equalizer.

3.2
Time synchronization and tracking

Let T0 stands for the initial transmitting time and Tc stands for the samples period. Time synchronization consists on finding these two values. 

Tc value is supposed to be known since it corresponds to a system parameter. Due to several impairments, a shift in Tc value may occur, a tracking mechanism must be applied.

The most general method for time synchronization is done by fulfilling an auto-correlation over the received signal with a length equal to the cyclic prefix length. Since the cyclic prefix is a copy of the last part of the OFDM symbol, the autocorrelation will present a peak when it is done between the cyclic prefix (which is located at the beginning of the OFDM symbol) and the last part of the same OFDM symbol of the same length. This allows the detection of the beginning of the OFDM symbol.

Time synchronization tracking is done by the same technique. But in this case, there is no more need to fulfill correlation over the whole OFDM symbol. Only a correlation between the cyclic prefix and the last part of the OFDM symbol of the same length is required. Moreover, this correlation can be done over a range of few points around the starting point.

3 Synchronization scenarios

In the following, schemes of frequency and time synchronization and tracking will be given according to each scenario. It is worth noting that these methods are not the only methods to use, synchronization algorithms are constructor specific.

3.1 First scenario: no WCDMA-OFDM cooperation

In this scenario, communication is initialized by WCDMA link and only the system frequency carrier is known at the UE side. This information is supposed to be transmitted from  UTRAN to the concerned UE prior to the OFDM signal transmission in such a way that the UE knows where to find the OFDM signal.

3.1.1 Frequency synchronization

The frequency synchronization is reduced to frequency tracking. This may be fulfilled by using an Automatic Frequency Control (AFC) which estimates the frequency shift between successive received pilot symbols. In case of OFDM system and in order to eliminate the channel effect which fluctuates the relative phase, the AFC must be applied on pilot symbols transmitted over the same sub-carrier. 

3.1.2 Time synchronization

Time synchronization and tracking are required. This can be done according to the method presented in section 3.2.

3.2 Second scenario: WCDMA-OFDM cooperation, one link at a time

In this case, time and frequency synchronization are supposed to be established by the WCDMA link prior to OFDM transmission.

3.2.1 Frequency synchronization

Only frequency tracking synchronization might be required if the OFDM transmission period is longer than a certain threshold. In case where OFDM transmission in very short (a few of TTI’s), the frequency drift can be considered small enough to cause a loss of synchronization. It can be tracked only by the WCDMA link. In case where this hypothesis is not fulfilled, an AFC can be used in order to track the frequency drift. This point might be studied in later stage.

3.2.2 Time synchronization

Since the matching between both systems is done on a basis of a TTI period. One possible method way to do this is to consider that the OFDM-TTI starting time matches the WCDMA starting time according to Figure 2. the WCDMA starting time may be the beginning of frame, sub-frame or slot.
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Figure 2 –WCDMA and OFDM TTI timing

In this case, only time synchronization tracking is required.

3.3 Third scenario: WCDMA-OFDM cooperation, both link reception

In this case time and frequency synchronization can be assumed by the WCDMA link based on the reception of the WCDMA-CPICH channel.

3.3.1 Frequency synchronization

No additional operation is required.

3.3.2 Time synchronization

No additional operation is required.
4 Conclusion

Based on this discussion, a Text Proposal is proposed as an input to section 6.5 Synchronization  of the TR 25.892.
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------------------------------------------ Start of Text Proposal -----------------------------------------

5.1 Synchronization

6.5.1
UE Synchronization
Among several methods, frequency and time synchronization methods presented in this section might be used. 

6.5.1.1
Frequency synchronization and tracking

Let F0 stands for the frequency carrier of the transmitted signal. Frequency synchronization consists in finding this value at the reception side. Because of impairments due to the fact that oscillators at the transmission and the reception side are never completely identical, even if the initial carrier frequency value was exactly found, a shift may occurs which must be corrected. This shift is usually supposed to be slow in time.

Frequency tracking can be done by using a classical Automatic Frequency Control (AFC) This unit detects the frequency changes between two successive pilot symbols. The AFC is used in WCDMA system as well. In order to better tracking the frequency shift in case of OFDM, the AFC should be done using consecutive pilots located on the same sub-carrier.

6.5.1.2
Time synchronization and tracking

Let T0 stands for the initial transmitting time and Tc stands for the samples period. Time synchronization consists on finding these two values. 

Tc value is supposed to be known since it corresponds to a system parameter. Due to several impairments, a shift in Tc value may occur, a tracking mechanism must be applied.

The most general method for time synchronization is done by fulfilling an auto-correlation over the received signal with a length equal to the cyclic prefix length. Since the cyclic prefix is a copy of the last part of the OFDM symbol, the autocorrelation will present a peak when it is done between the cyclic prefix (which is located at the beginning of the OFDM symbol) and the last part of the same OFDM symbol of the same length. This allows the detection of the beginning of the OFDM symbol.

Time synchronization tracking is done by the same technique. But in this case, there is no more need to fulfill correlation over the whole OFDM symbol. Only a correlation between the cyclic prefix and the last part of the OFDM symbol of the same length is required. Moreover, this correlation can be done over a range of few points around the starting point.

6.5.2 Synchronization scenarios
Several assumptions about the cooperation between WCDMA and OFDM system may be considered. Synchronization complexity is not the same for these cases. For each of the following cases, the required synchronization operations are presented (in all cases, the OFDM carrier frequency is supposed to be known at the receiver prior to signal reception):

1. WCDMA-OFDM independent clock
Frequency synchronization is reduced to frequency tracking. This may be fulfilled by using an Automatic Frequency Control (AFC) which estimates the frequency shift between successive received pilot symbols.

Time synchronization and tracking have to be done with the OFDM signal only. This can be done according to the method presented in section 6.5.1.2.

2. WCDMA-OFDM shared clock
The OFDM link will be controlled by the UTRAN system. The same clock is used for both systems. Only one signal is received at a time.

If the OFDM transmission is very short (a few of TTI’s), the frequency drift can be considered small enough to be tracked only by the WCDMA link. If the OFDM transmission period is longer than a certain threshold, frequency tracking synchronization might be required. In that case, an AFC can use the OFDM signal in order to track the frequency drift.

In terms of time synchronisation, the matching between both systems is done on a basis of a TTI period. One possible method to perform time synchronisation is to consider that the difference between OFDM-TTI starting time and WCDMA reference time is known. The WCDMA reference time may be the beginning of WCDMA-frame, WCDMA-sub-frame or WCDMA-slot. Time synchronization tracking can be done by using the guard interval according to the method presented in section 6.5.1.2.

------------------------------------------  End of Text Proposal -----------------------------------------
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