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1 Introduction

This contribution addresses the impact of system carrier frequency and time synchronization lack (mismatch) between the UE clock and the base station clock in an OFDM-DL. This frequency synchronization lack is due to a mismatch in the local VCO (Voltage Controlled Oscillator) in both sides at the beginning of the transmission and the different drift during the transmission. Results are obtained by simulations.

2 OFDM-DL Context

Prior to data demodulation, frequency and time synchronization are supposed to be processed in order to correctly recover the transmitted data after demodulation. Perfect frequency synchronization between both side clocks can not be guaranteed during the whole transmission period. Standards allow some amount of error quantified as a percentage of the frequency value (in UMTS, this error can not exceed 0.1ppm of the considered frequency). Thus, additional treatment has to be accomplished in order to maintain this constraints.

As this a synchronization error increases, the performances degradation became more crucial. This document illustrates the OFDM link level behavior when frequency or time mismatch occurs. Each case is illustrated independently.

3 Carrier Frequency Synchronization

The system carrier frequency synchronization can be divided into two phases:

1. Initial synchronization: the aim of this phase is to estimate the system carrier frequency in order to recover the base-band.

2. Frequency correction: this phase is active during the whole transmission, the aim is to keep the frequency error between the transmitter and the receiver clock below some limit. This limit depends on the modulation technique (CDMA, OFDM, GSM, etc.). For the UMTS, this error must be less than or equal 0.1ppm of the considered frequency.

4 OFDM-DL Simulation 

4.1 Simulation chain 

Simulation chain providing BER (Bit Error Rate) and BLER (BLock Error Rate) is depicted in Figure 1.
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Figure 1 OFDM simulation chain (Frequency Shift XOR Time Shift is used at one time).

4.2 Simulation Parameters

Link level parameters are:

	OFDM parameters
	Set1
	Set2

	OFDM band bandwidth
	4.485 MHz
	4.495 MHz

	Sampling frequency
	0.13 µs (1/7.68 MHz)
	0.1536 µs (1/6.528 MHz)

	FFT size
	512
	1024

	Number of useful sub-carriers
	297
	705

	Guard Interval length
	57/58
	64

	Sub-carrier separation
	15 kHz
	6.375 kHz


Simulation parameters are:

· Turbo Code Rate 

= 2/3

· Turbo Code Interleaver size 
= 640

· Modulation : 


QPSK

· Interleaver size 

= 27*297 (set1), 12*705 (set2)

· Turbo decoder type : 

soft Max-Log-Map.

· Number of transmitted information bits for each simulation = 50e+6 bits.

4.3 Frequency error model

The resulting frequency error 
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 is introduced at the reception side. This means that 
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) is supposed to vary during the transmission, in order to simulate this variation, 
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changes at each OFDM transmitted block (one TTI = 2ms), the changes follow a stairs model with a step of 0.1
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. this is illustrated in Figure 2.

Remark: A random frequency variation model can be used. Both models are equivalent since OFDM sub-frames are self contained, random behaviour can be seen as a random arrangement of the step model. This is especially true since the simulation runs for 50e+6 information bits.   
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Figure 2 Residual Frequency error model

4.4 Carrier frequency error Simulation results

All propagation channels OI-A, OI-B, VA-30 and VA120 are considered. Two sets of simulations have been carried on: the first one consider BER and BLER changes versus C/I for two values of  (Fmax (200Hz and 500Hz) (Figure 3, Figure 4, Figure 5, Figure 6). This results set concerns only set2 OFDM parameters.

In order to push forward the conclusions, the second set is carried on for set1 and set2 parameters and presents BER and BLER variations versus (Fmax for values going up to 2kHz and  for C/I=0dB. Results are presented in Figure 7 and Figure 8.

We can notice that the greater the sub-carriers frequency separation, the higher the resistance to frequency shift error.
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Figure 3 – BER and BLER for OIA channel (3Km/h), three cases are simulated: No frequency error, Freq Error = 0.1ppm = 200Hz and Freq Error = 0.25ppm = 500 Hz, set2 OFDM parameters.
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Figure 4 - BER and BLER for OIB channel (3Km/h), three cases are simulated: No frequency error, Freq Error = 0.1ppm = 200Hz and Freq Error = 0.25ppm = 500 Hz, set2 OFDM parameters.
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Figure 5 - BER And BLER for VA channel (30Km/h), three cases are simulated: No frequency error, Freq Error = 0.1ppm = 200Hz and Freq Error = 0.25ppm = 500 Hz, set2 OFDM parameters.
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Figure 6 - BER and BLER for VA channel (120Km/h), three cases are simulated: No frequency error, Freq Error = 0.1ppm = 200Hz and Freq Error = 0.25ppm = 500 Hz, set2 OFDM parameters.

4.4.1 BER, BLER versus (Fmax for C/I = 0dB
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Figure 7- BER and BLER vs (Fmax for C/I = 0dB, set1 OFDM parameters.
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Figure 8- BER and BLER vs (Fmax for C/I = 0dB, set2 OFDM parameters.

4.5 Time synchronization

Time sampling error is modelled as the carrier frequency error: a maximum amount of time shift is considered for each simulation. Time shift is considered to be a multiple of sampling period (Ts=1/W) and is kept constant during a sub-frame period (2ms). For two consecutive sub-frames, the step shift is 1Ts for (Tmax = 10 Ts, and the step shift is 10Ts for (Tmax> 10 Ts. The obtained results present the variations of BER and BLER versus (Tmax for C/I=0dB and for set1 (Figure 9) and set2 (Figure 10) OFDM parameters.
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Figure 9 - BER and BLER vs (Tmax for C/I = 0dB,  set1 OFDM parameter.
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Figure 10 - BER and BLER vs (Tmax for C/I = 0dB,  set2 OFDM parameter.

We can notice that the longer the OFDM symbol duration, the higher the resistance to time synchronization.

5 Conclusion

In this contribution we have presented a simulation-based results concerning the carrier frequency and sampling time error due to mismatch between transmission and reception clock. Simulations show that for acceptable frequency error (~0.1 ppm) and acceptable time sampling error (<30 Ts) no degradations nor in BER neither in BLER are noticed.

As expected, OFDM system with set1 parameter have higher resistance to carrier frequency error than system with set2 because of its larger sub-carriers separation, while OFDM system with set2 shows better resistance to time asynchronization than the system with set1 because of its larger OFDM symbol duration.
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