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1 Introduction

This document presents an analysis of the Node B impacts related to the introduction of OFDM in UTRAN ‎[1]. Two basic functionalities are detailed: data modulation and RF functionality. A text proposal for TR25.892 covering these aspects is also included.
2 Discussion

2.1 Data Modulation

It is assumed that the first steps of the HSDPA HS-DSCH processing chain could be also used for OFDM (i.e. same CCTrCh encoding, etc.), before QAM symbols are mapped to OFDM-specific physical channels. The following steps of the data modulation processing chain are OFDM-specific, and thus, would need to be added to the Node B functionality in the event of the introduction of OFDM in UTRAN. The OFDM data processing chain is illustrated in Figure 1.
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Figure 1: OFDM Data Modulation

2.1.1 OFDM Physical Channel Mapping and Multiplexing
The mapping of transport channels to OFDM physical channels, as well as the multiplexing of the physical channels on the OFDM T-F grid, are discussed further in Section 6.2 of ‎[1]. The complexity of this process would depend on the OFDM specification. For instance, if a solution based on a Costas sequence is used (as described in Section 6.2.4.1 of ‎[1]), the T-F patterns are limited to 27 or 12 distinct values, depending on the parameter set, and cyclic shifts of these basic patterns in the frequency domain. These basic T-F patterns could therefore be stored in lookup tables. For T-F patterns with longer periods, some on-the-fly computations might be required to lower memory requirements. The inclusion of an OFDM-specific QAM symbol interleaver would also require additional complexity.
2.1.2 Frequency-Domain-to-Time-Domain Translation (i.e. IFFT)
Once mapped to the OFDM sub-carriers, the QAM symbols in each OFDM symbols are typically padded with inactive sub-carriers on each side of the spectrum (as discussed in Section 4.1.8 of ‎[1]), and transformed to a time-domain signal via an Inverse Fast Fourier Transform (IFFT). The complexity of the IFFT is comparable to that of the FFT, which is discussed in Section 6.7.5.1 of ‎[1].
2.1.3 Prefix Insertion and Time Windowing

As discussed in Section 4.1.4 of ‎[1], a cyclic prefix is usually added prior to each useful OFDM symbol (to reduce the inter-symbol interference). This prefix insertion can also be associated with a time-windowing of the OFDM symbols, as discussed in Section 6 of ‎[1], to improve the spectral properties of the OFDM signal. Note that time-windowing could also be accompanied with filtering, or replaced by filtering. The time windowing approach is however typically less complex than the introduction of a filter.
2.2 RF Functionality

The OFDM complex baseband digital signal obtained after data modulation has to be converted to the analog domain and up-converted to RF, before being amplified to the proper level and fed to the antenna. This process is illustrated in Figure 1.
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Figure 2: Node B RF Functionality
2.2.1 Digital-to-Analog Conversion and Up-Conversion
The Digital-to-Analog Conversion (DAC) is often combined in part with the up-conversion through the use of Digital Up-Conversion (DUC). In this case, the signal is first digitally up-converted to an Intermediate Frequency (IF), then converted to the analog domain, and finally up-converted from IF to RF with analog mixers. This possible processing chain is illustrated in Figure 2. Note that in some cases, it is possible to bypass the IF and do the up-conversion to RF digitally. This however requires very high speed DAC (in the order of twice the RF frequency), and is unlikely to be the preferred architecture for current UMTS frequencies and potential UMTS extension bands. This analysis is therefore limited to the case of DUC with an analog IF-to-RF up-conversion.
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Figure 3: Architecture with Digital Up-Conversion (DUC) to IF
In this case, the DUC takes the baseband digital signal and brings it to IF via digital mixers. With OFDM parameter set 1, given that the OFDM sampling frequency is 2Fc, the same DUC and DAC modules might be used for both OFDM and WCDMA. In the case where the sampling frequencies are different (e.g. with set 2), different scenarios are possible:
· A specific DUC and DAC can be used for OFDM (i.e. not share between OFDM and WCDMA).

· The OFDM signal is re-sampled to match the WCDMA sampling rate prior to the DUC.

· A programmable DUC (i.e. with variable digital mixers) and a DAC with variable input sampling frequency can be shared by OFDM and WCDMA.

Other architectures are also possible for the DAC and up-conversion. For instance, the I and Q signals can be converted to the analog domain at baseband and then up-converted to RF (with or without an IF). This architecture is illustrated in Figure 4.
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Figure 4: Architecture with Analog Up-Conversion 

In the case of analog up-conversion, the I/Q DACs might be shared if the sampling frequencies are similar for OFDM and WCDMA (e.g. 2Fc). Again, if the sampling frequencies are different, different scenarios are possible:
· Separate DACs can be used for OFDM and WCDMA.

· The OFDM signal can be re-sampled to match the WCDMA sampling rate.

· The DAC input clock frequency can be simply adapted to the input sampling frequency.

In all cases, it is assumed that the analog component of the up-conversion process can be shared by OFDM and WCDMA. The actual impact of filters and impairments on OFDM might vary with the implementation.

2.2.2 Amplification
A Power Amplifier (PA) is required to bring the signal power to an acceptable level for the antenna transmission. Typically, a PA acts in a linear fashion over a range of input/output power, and saturates at a maximum power Pmax. This is illustrated in Figure 5. The sharpness of the transition from the linear range to the saturation range depends on the PA design. Modern PA designs tend to maximise the linear range, resulting in a rather sharp transition to saturation.
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Figure 5: Power Amplifier (PA) Model
If the signal reaches this non-linear transition, high-power out-of-band emissions are created. The input power is therefore backed off from the maximum power to allow peaks in the amplitude of the signal to be limited to the linear range. The amount of power that needs to be subtracted from the maximum power depends on the signal’s Peak-to-Average Ratio (PAR). For a given desired transmit power, a signal with a larger PAR will require a more powerful PA, which might increase significantly the cost of a Node B. It is therefore important to compare the PAR of an OFDM signal to that of a WCDMA signal to assess the impact on the Node B.

2.2.2.1 Peak-to-Average Ratio (PAR)
The PAR characteristic of an OFDM signal is compared to that of WCDMA in Figure 6. The WCDMA PAR curve is reproduced from ‎[2]. It was obtained for Test Model 5 with 8 HS-DPSCHs, using a random bit sequence. A similar curve has been obtained for OFDM parameter sets 1 and 2. The resource assignments used for the analysis are detailed in Table 1 and Table 2, for parameter sets 1 and 2 respectively. In all cases, the signals are over-sampled to capture the peaks correctly. 
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Figure 6: PAR for OFDM and WCDMA (without PAR reduction)
	Physical Channels
	T-F Resource
	Power
	Modulation

	OFDM-PDSCHs
	90%
	80%
	QAM16

	OFDM-CPICH
	5%
	10%
	QPSK

	Other Control Channels
	5%
	10%
	QPSK


Table 1: Resource Assignment for OFDM Parameter Set 1
	Physical Channels
	T-F Resource
	Power
	Modulation

	OFDM-PDSCHs
	85%
	80%
	QAM16

	OFDM-CPICH
	5%
	10%
	QPSK

	Other Control Channels
	10%
	10%
	QPSK


Table 2: : Resource Assignment for OFDM Parameter Set 2
These PAR curves indicate the probability of clipping a sample for a given PAR threshold. For instance, 0.01% (10‑4) of the samples would be clipped if a PAR threshold was set to about 9.5dB, for both OFDM parameter sets and WCDMA. Therefore, when no form of signal PAR reduction is used, the PAR of an OFDM signal would be similar to that of a WCDMA signal.
3 References
[1] 3GPP TR25.892: “Feasibility Study for OFDM for UTRAN enhancement”, v0.6.1, Jan 2004.
[2] R4-021406, “Problem on PN9 seed setting in Test Model 5”, Lucent, RAN4#25, Nov 2002.

4 Proposed Text for Section 6.9 in TR 25.892

-------------------------------START of the TEXT --------------------------------------

6.9.2 Data Modulation


It is assumed that the first steps of the HSDPA HS-DSCH processing chain could be also used for OFDM (i.e. same CCTrCh encoding, etc.), before QAM symbols are mapped to OFDM-specific physical channels. The following steps of the data modulation processing chain are OFDM-specific, and thus, would need to be added to the Node B functionality in the event of the introduction of OFDM in UTRAN. The OFDM data processing chain is illustrated in Figure 7.
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Figure 7: OFDM Data Modulation

6.9.2.1
OFDM Physical Channel Mapping and Multiplexing

The mapping of transport channels to OFDM physical channels, as well as the multiplexing of the physical channels on the OFDM T-F grid, are discussed further in Section 6.2. The complexity of this process would depend on the OFDM specification. For instance, if a solution based on a Costas sequence is used (as described in Section 6.2.4.1), the T-F patterns are limited to 27 or 12 distinct values, depending on the parameter set, and cyclic shifts of these basic patterns in the frequency domain. These basic T-F patterns could therefore be stored in lookup tables. For T-F patterns with longer periods, some on-the-fly computations might be required to lower memory requirements. The inclusion of an OFDM-specific QAM symbol interleaver would also require additional complexity.

6.9.2.2
Frequency-Domain-to-Time-Domain Translation (i.e. IFFT)

Once mapped to the OFDM sub-carriers, the QAM symbols in each OFDM symbols are typically padded with inactive sub-carriers on each side of the spectrum (as discussed in Section 4.1.8), and transformed to a time-domain signal via an Inverse Fast Fourier Transform (IFFT). The complexity of the IFFT is comparable to that of the FFT, which is discussed in Section 6.7.5.1.

6.9.2.3
Prefix Insertion and Time Windowing

As discussed in Section 4.1.4, a cyclic prefix is usually added prior to each useful OFDM symbol (to reduce the inter-symbol interference). This prefix insertion can also be associated with a time-windowing of the OFDM symbols, as discussed in Section 6, to improve the spectral properties of the OFDM signal. Note that time-windowing could also be accompanied with filtering, or replaced by filtering. The time windowing approach is however typically less complex than the introduction of a filter.
6.9.3
RF Functionality


 The OFDM complex baseband digital signal obtained after data modulation has to be converted to the analog domain and up-converted to RF, before being amplified to the proper level and fed to the antenna. This process is illustrated in Figure 8.
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Figure 8: Node B RF Functionality

6.9.3.1
Digital-to-Analog Conversion and Up-Conversion

The Digital-to-Analog Conversion (DAC) is often combined in part with the up-conversion through the use of Digital Up-Conversion (DUC). In this case, the signal is first digitally up-converted to an Intermediate Frequency (IF), then converted to the analog domain, and finally up-converted from IF to RF with analog mixers. This possible processing chain is illustrated in Figure 9. Note that in some cases, it is possible to bypass the IF and do the up-conversion to RF digitally. This however requires very high speed DAC (in the order of twice the RF frequency), and is unlikely to be the preferred architecture for current UMTS frequencies and potential UMTS extension bands. This analysis is therefore limited to the case of DUC with an analog IF-to-RF up-conversion.
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Figure 9: Architecture with Digital Up-Conversion (DUC) to IF

In this case, the DUC takes the baseband digital signal and brings it to IF via digital mixers. With OFDM parameter set 1, given that the OFDM sampling frequency is 2Fc, the same DUC and DAC modules might be used for both OFDM and WCDMA. In the case where the sampling frequencies are different (e.g. with set 2), different scenarios are possible:

· A specific DUC and DAC can be used for OFDM (i.e. not share between OFDM and WCDMA).

· The OFDM signal is re-sampled to match the WCDMA sampling rate prior to the DUC.

· A programmable DUC (i.e. with variable digital mixers) and a DAC with variable input sampling frequency can be shared by OFDM and WCDMA.

Other architectures are also possible for the DAC and up-conversion. For instance, the I and Q signals can be converted to the analog domain at baseband and then up-converted to RF (with or without an IF). This architecture is illustrated in Figure 10.
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Figure 10: Architecture with Analog Up-Conversion 

In the case of analog up-conversion, the I/Q DACs might be shared if the sampling frequencies are similar for OFDM and WCDMA (e.g. 2Fc). Again, if the sampling frequencies are different, different scenarios are possible:

· Separate DACs can be used for OFDM and WCDMA.

· The OFDM signal can be re-sampled to match the WCDMA sampling rate.

· The DAC input clock frequency can be simply adapted to the input sampling frequency.

In all cases, it is assumed that the analog component of the up-conversion process can be shared by OFDM and WCDMA. The actual impact of filters and impairments on OFDM might vary with the implementation.

6.9.3.2
Amplification

A Power Amplifier (PA) is required to bring the signal power to an acceptable level for the antenna transmission. Typically, a PA acts in a linear fashion over a range of input/output power, and saturates at a maximum power Pmax. This is illustrated in Figure 11. The sharpness of the transition from the linear range to the saturation range depends on the PA design. Modern PA designs tend to maximise the linear range, resulting in a rather sharp transition to saturation.
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Figure 11: Power Amplifier (PA) Model

If the signal reaches this non-linear transition, high-power out-of-band emissions are created. The input power is therefore backed off from the maximum power to allow peaks in the amplitude of the signal to be limited to the linear range. The amount of power that needs to be subtracted from the maximum power depends on the signal’s Peak-to-Average Ratio (PAR). For a given desired transmit power, a signal with a larger PAR will require a more powerful PA, which might increase significantly the cost of a Node B. It is therefore important to compare the PAR of an OFDM signal to that of a WCDMA signal to assess the impact on the Node B.

6.9.3.2.1
Peak-to-Average Ratio (PAR)

The PAR characteristic of an OFDM signal is compared to that of WCDMA in Figure 12. The WCDMA PAR curve is reproduced from ‎[2]. It was obtained for Test Model 5 with 8 HS-DPSCHs, using a random bit sequence. A similar curve has been obtained for OFDM parameter sets 1 and 2. The resource assignments used for the analysis are detailed in Table 3 and Table 4, for parameter sets 1 and 2 respectively. In all cases, the signals are over-sampled to capture the peaks correctly. 
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Figure 12: PAR for OFDM and WCDMA (without PAR reduction)

	Physical Channels
	T-F Resource
	Power
	Modulation

	OFDM-PDSCHs
	90%
	80%
	QAM16

	OFDM-CPICH
	5%
	10%
	QPSK

	Other Control Channels
	5%
	10%
	QPSK


Table 3: Resource Assignment for OFDM Parameter Set 1
	Physical Channels
	T-F Resource
	Power
	Modulation

	OFDM-PDSCHs
	85%
	80%
	QAM16

	OFDM-CPICH
	5%
	10%
	QPSK

	Other Control Channels
	10%
	10%
	QPSK


Table 4: : Resource Assignment for OFDM Parameter Set 2
These PAR curves indicate the probability of clipping a sample for a given PAR threshold. For instance, 0.01% (10‑4) of the samples would be clipped if a PAR threshold was set to about 9.5dB, for both OFDM parameter sets and WCDMA. Therefore, when no form of signal PAR reduction is used, the PAR of an OFDM signal would be similar to that of a WCDMA signal.
-------------------------------END of the TEXT --------------------------------------
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