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Transmit Power Definition for Evaluation Methodology
Yuval Lomnitz, Tom Harel, Yang-seok Choi
Intel Corporation
Problem description

Currently the evaluation methodology document [2] defines DL/UL transmit power rather than 1dB compression point. Since different transmit methods may have different compression characteristics (backoffs), by defining transmit power we disregard the benefits of PAPR reduction methods.

Discussion

In order to motivate modulation methods which are more power efficient, we propose that the 1dB compression point is kept constant and the transmit power is determined according to backoff. This ensures that modulations with lower PAPR which require smaller backoff will show an advantage in power-limited situations (and vice versa).

We suggest that the backoff be determined by condensing the signal through a PA model and measuring the spectral masks and EVM (rather than relying on CM/PAPR which are less accurate). We propose that the parameters associated with the PA model, spectral mask and EVM be defined in the evaluation methodology. There are many choices for these parameters but for evaluation purposes a single set is sufficient.

In order to refrain from complicating the simulations and requiring additional work, we propose that the transmit power numbers should be specified in the evaluation methodology document (rather than the 1dB compression point directly); however if proposals include modulation methods that change the backoff, then the document will specify how the transmit power is adapted. So as long as no change is made from the baseline OFDMA system there is no need to go through the procedure described.

The support required in system level simulation is only in configuring the maximum transmit power and the EVM parameters per MCS/mode. These parameters will be computed off-line using the procedure described.

The proposed methodology applies for both downlink and uplink. Each link can be considered separately for evaluation purposes. In the uplink the power efficiency is critical and we expect possible improvement from PAPR reduction methods, therefore a methodology for considering this improvement is important. In the downlink we expect possible PAPR increase due to DL power control, beamforming/precoding, and the power efficiency may be less critical. This methodology allows a fair comparison between methods.

Proposed text changes

2.3. Deployment Scenarios

[Make the following additions in table 3]

	BS Tx Power
*see note 1
	46 dBm
	46 dBm
	46 dBm
	[TBD]
	[46 dBm]
	

	MS Tx Power
* see note 1
	23 dBm
	23dBm
	23 dBm
	[23 dBm]
	[23 dBm]
	

	EVM
* see note 1
	30dB
	30dB
	30dB
	30dB
	30dB
	


Note 1:

Transmit power and EVM numbers for BS and MS reflect baseline values for OFDM transmission. In case other modulation methods are considered these numbers will be updated based on the procedure described in section 4.9. These numbers reflect maximum power (without power control).

[Add a new subclause]

4.9 Transmit power and EVM

Different modulation methods may have different PAPR and spectral characteristics, affecting the maximum output power. Table 3 specifies baseline output power and EVM values for the BS and MS, which are applicable for OFDM transmission. Methods that reduce or increase PAPR( beamforming) may be evaluated. 

In the case that a proposed modulation method yields different PAPR and/or different spectral characteristics which affect the maximum output power, these numbers shall be calibrated accordingly.
Reference parameters required for calibration are defined below:

	Parameter
	Value
	Notes

	PA model
	RAPP-2 
(s=2)
	AM/AM compression model. See below. 

	Spectral masks
	FCC 
	See appendix XX

	EVM (error vector magnitude)
	Chosen (to be specified in the proposal)
	May be chosen to optimize performance per MCS

	Over sampling
	(4
	

	RBW (resolution bandwidth)
	1% of signal bandwidth

(100Khz for 10Mhz BW)
	For emission measurement. See appendix XX

	
	
	



Table XXX: reference parameters for TX power calibration

Equation (ZZ) defines the RAPP model. x(t),y(t) are the complex baseband representations of the PA input and PA output respectively, and the parameter s controls the smoothness of the curve. A value of s=2 will be used by default. It is also recommended to supply results for s=30 to represent a linearized PA. C is the saturation amplitude of the PA.

(ZZ)




The proponents should provide simulation results where the modulated signal is passed through a PA compression model and the spectral masks and EVM are computed. The maximum transmit power is the maximum power which meets the spectral masks and the required EVM. The maximum transmit power of flat, full bandwidth modulated OFDM reference signal shall be compared with the maximum effective transmit power of the proposed modulation (with the same PA and mask parameters), and the difference (power gain or loss) will be added to the BS/MS transmit power as defined in Table 3. The EVM may be chosen per MCS/mode and results in potentially different maximum transmit power per MCS. The EVM required for the reference OFDM system is as defined in Table 3. Effective transmit power and EVM are defined below.

EVM is defined as the ratio between the effective transmit power and the power of the error vector, both described below. Error vector power is measured in all tones used for transmission (by the transmitting user and other users in the system), including unmodulated tones. Tones which do not carry information for any user (guard, DC tones,  reserved tones for PAPR reduction) are not included (neither for the error calculation nor for the power calculation). The error signal may be computed using pilot based equalization (as described in [67] 802.16e-2005, subclause 8.4.12.3), or by comparing the transmitted signal with an undistorted (but possibly filtered) signal. In the second case since the distortion error is correlated with the signal, a suitable gain should be applied to undistorted signal such that the error signal becomes uncorrelated with the undistorted signal (and the error vector could be abstracted as additive uncorrelated noise).

The effective transmit power is defined as the power of the distorted signal which is correlative to the ideal signal (so that the power does not include neither the error vector nor any extra energy for PAPR reduction).
The error vector power and effective transmit power are accumulated in linear domain and their ratio is converted to dB. The EVM is accumulated over a single transmission (TTI). In case the EVM varies for the same user (e.g. between different subchannels), the 10% percentile shall be used.
4.5. Per-tone SINR Computation

[Change the text after eq(15) as follows (changes marked in blue)]

X (j) is the transmitted symbols by the j-th user/sector. X(j) is composed of desired signal plus transmit error vector with power lower by (EVM2=10-EVM/10 than the signal effective power.
[Change equation 16 as follows]




[add new appendix]

Appendix XX (informative) - FCC spectral mask

The following table specifies FCC spectral mask regulations for mobile stations taken from FCC 27.53:
	Frequency band
	Maximum signal power
	RBW

	First 1 MHz from channel edge
	-13dBm/RBW, 
	1% of signal BW, for example 100KHz for 10 MHz signal

	1MHz to 5.5 MHz from channel edge
	-13dBm/RBW
	1MHz

	5.5 MHz or more from edge
	-25dBm/RBW
	1MHz


Table YY: FCC spectral mask

References

[add the following reference]

[67]
IEEE 802.16e-2005 - IEEE Standard for Local and metropolitan area networks Part 16: Air Interface for Fixed and Mobile Broadband Wireless Access Systems. Amendment 2: Physical and Medium Access Control Layers for Combined Fixed and Mobile Operation in Licensed Bands and Corrigendum 1)
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