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1 Introduction
(This study was first presented in RAN1 meeting 35 [R1-031192], new simulation results are included as well as the ADC entity)

In this study, we evaluate the impact of the UE- W-CDMA radio receiver chain when used to receive the OFDM signal. In a very simple manner, this chain is illustrated in Figure 1 and may be described by the following functionalities:

1. Front End Radio receiver,

2. Low Pass Filter (LPF), with a cut-off frequency Fc

3. Analog to Digital Converter (ADC)

4. APLL (Analog PLL) providing clock to the ADC

5. Root Raised Cosine (RRC) filter.
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Figure 1 W-CDMA / OFDM receiver chain

OFDM receiver input is supposed to be taken directly from the ADC output since the RRC filter is not required for the OFDM demodulation. In this document, only the impact of the LPF as specified for the W-CDMA receiver is considered. At the end of the document, a text is proposed as an input for section 6.8.2 RF Functionality of the TR.

2 LPF effect

2.1 LPF modelling

WCDMA Low Pass Filter is constructor specific. In this contribution, the LPF is modelled as  a 5th order Chebyshef filter of type1 (we consider that this modelling matches the reality in a satisfactory way). The case of 0.1dB ripple is considered for which gain and phase response versus frequency are shown in Figure 2.
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Figure 2 Gain and phase frequency response of the LPF Chebyshef used filter.

As we can notice, the phase error increases at the borders of the considered frequency band. In W-CDMA reception chain, this impairment may be corrected by using another filter which compensates only the phase of the LPF. In OFDM technology, since the total frequency band is divided into smaller sub-band, by means of the equalizer, correction may be done on every single sub-band without any additional complexity.

2.2 LPF filtered-OFDM 

The Power Spectral Density of the resulting LPF filtered OFDM signals are presented in Figure 3. Amplitude degradations start to be relevant for Fc < 2.2MHz. Phase error is not presented. 
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Figure 3 Power Spectral Density for LPF filtered-OFDM signals

3 OFDM link level parameters

It has been recognized that a transmit bandwidth of approximately 4.5 MHz, together with an odd number of sub-carriers are desirable for spectral mask compliance. Thus, the basic parameters are repeated in Table 1 for convenience.

	Parameters
	Set 1
	Set 2

	TTI duration (ms)
	2
	2

	FFT size (points)
	512
	1024

	OFDM sampling rate (Msamples/s)
	7.68 (=2*3.84)
	6.528 (=17*3.84/10)

	Guard time interval (cyclic prefix) (samples/μs)
	56 / 7.2*9                 57 / 7.42
	64 / 9.803

	Subcarrier separation (kHz)
	15
	6.375

	# of OFDM symbols per TTI 
	27
	12

	total OFDM symbol duration (μs)
	73.96

74.09
	166.67

	# of useful subcarriers per OFDM symbol 
	297
	705

	OFDM bandwidth (MHz)
	4.455
	4.495


Table 1 – OFDM link level set parameters

4 LPF filtered-OFDM simulation chain

The Filtered-OFDM simulation chain is presented in Figure 4. The main functionalities are presented. Propagation channel and LPF are calculated by considering the same physical access layer.
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Figure 4 - LPF Filtered-OFDM simulation chain

Simulation parameters are the following:

· Turbo-code rate is 1/2, 

· Modulation QPSK and 16QAM.

· 15 Blocs of 480 symbols are sent in every TTI of 2ms.

· Interleaving is done over the entire TTI period.

· In case of QPSK: Transport bloc size is 450, this gives [(450+24)*2+12]/2=480 symbols.

· In case of 16QAM: Transport bloc size is 930, this gives [(930+24)*2+12]/4=480 symbols.

· OFDM modulation parameters is conformed to set2 in Table 1.

· The equalizer is a single symbol equalizer requiring only one tap for each sub-carrier. 
· Turbo decoding is performed by a max-log-map algorithm.

· LPF cut-off frequency is 1.92MHz.

· Quantification is done over 12 bits.

· Propagation Channel is calculated (Perfect Channel Estimation).

· Comparison results are expressed in term of BLER after signal decoding. 

The main advantage of the OFDM signal is to transform the multi-path channel into multiplicative channel, thus equalization is simplified and it is done by multiplying each single sub-carrier by the effect of the propagation channel at this specific time/frequency localization. When considering this, the LPF effect may be assimilated to the channel effect, thus, propagation channel calculation (or estimation) considers both LPF and physical channel propagation and calculates their combined effect and thus no additional calculation is required.

5 LPF effect on multi-path fading channel

For this sake, simulations are done for the worst case cutting frequency value, namely Fc = 1.92 MHz. Simulated propagation channels are OI-A and OI-B for 3 Km/H, Vehicular A for 30Km/H and Vehicular A for 120 Km/h for both QPSK and 16QAM modulation. The LPF ripple value is 0.1dB. Results are presented in the following figures.
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Figure 5 – OI-A channel@3 Km/h, Quantization on 12 bits, QPSK and 16 QAM modulation, with and without low pass filtering
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Figure 6 – OI-B channel @ 3 Km/h, Quantization on 12 bits, QPSK and 16 QAM modulation, with and without low pass filtering
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Figure 7 – VA channel @ 30 Km/h, Quantization on 12 bits, QPSK and 16 QAM modulation, with and without low pass filtering
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Figure 6 – VA channel @ 120 Km/h, Quantization on 12 bits, QPSK and 16 QAM modulation, with and without low pass filtering

We can notice that no noticeable degradations are observed : the single symbol equalizer is able to correct both the LPF and the multi-path channel (in fact the multi-path channel is no more than a low-pass filter). 

6 Conclusion

In this study, simulation based results are presented concerning the impact of the LPF used within W-CDMA receiver for receiving the OFDM signal. Results obtained for OI-A, OI-B, VA30 and VA120 channels show that no degradation is induced, the single symbol equalizer used within the OFDM system can correct the LPF effect while compensating the channel effect requiring no further treatment.

Based on this study we propose the following text proposal concerning aspects of UE radio complexity as input to section 6.8.2 RF Functionality.

--------------------------------------- start of text proposal---------------------------------------

6.8.2 RF Functionality
When considering the reception of the OFDM signal by the W-CDMA front end receiver, the Radio Functionality can be depicted in Figure 1.
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Figure 1 W-CDMA / OFDM radio receiver chain
The Analogue Front End module transposes the signal from carrier frequency into the base band. Since no modulation-specific operations are required, it can be used for OFDM signal.

The frequency bandwidth of the W-CDMA designed RF Low Pass Filter (LPF) is approximately 5MHz and may fall down to 3.84MHz in the worst case. This may distort the OFDM signal, with bandwidth of 4.5 MHz, especially on the frequency band borders. Since the OFDM transforms the wide selective frequency band into a set of narrow unselective bands, thus the W-CDMA Low Pass Filter effect on the OFDM signal can be compensated by the OFDM equalizer, given a reasonable resolution of the ADC, with no additional complexity, the LPF impairments are assimilated to the propagation channel variation. Therefore, in case of un-simultaneous W-CDMA-OFDM reception, and when the OFDM carrier frequency is within the W-CDMA specified frequency band, then the same RF module can be used in both modes.

--------------------------------------- end of text proposal---------------------------------------
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