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1. Introduction

In this contribution, issues related to LTE Node-B Spectral Mask are discussed.
2. 3GPP Spectral Mask
The downlink transmission scheme is based on conventional OFDM using a cyclic prefix, with a sub-carrier spacing (f = 15 kHz and a cyclic-prefix (CP) duration TCP (4.7/16.7 (s (short/long CP). Assuming that a 10 ms radio frame is divided into 20 equally sized sub-frames (of which, in case of TDD operation, a subset is allocated for downlink transmission), this parameter set implies a sub-frame duration Tsub-frame = 0.5 ms. The basic transmission parameters are then specified in more detail in Table 1 below. It may be noted that numerology specified below are for evaluation purpose only.

Table 1.  Parameters for downlink transmission scheme.

	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15 kHz

	Sampling frequency 
	1.92 MHz
(1/2 ( 3.84 MHz)
	3.84 MHz
	7.68 MHz
(2 ( 3.84 MHz)
	15.36 MHz
(4 ( 3.84 MHz)
	23.04 MHz
(6 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size
	128
	256
	512
	1024
	1536
	2048

	Number of occupied 
sub-carriers†, ††
	76
	151
	301
	601
	901
	1201

	Number of 
OFDM symbols 
per sub frame
(Short/Long CP)
	7/6

	CP length (μs/samples)
	Short
	(4.69/9) ( 6,

(5.21/10) ( 1*
	(4.69/18) ( 6,
(5.21/20) ( 1 
	(4.69/36) ( 6,

(5.21/40) ( 1 
	(4.69/72) ( 6,

(5.21/80) ( 1 
	(4.69/108) ( 6,

(5.21/120) ( 1 
	(4.69/144) ( 6,

(5.21/160) (1 

	
	Long
	(16.67/32)
	(16.67/64)
	(16.67/128)
	(16.67/256)
	(16.67/384)
	(16.67/512)


†Includes DC sub-carrier which contains no data

†† This is the assumption for the baseline proposal. Somewhat more carriers may be possible to occupy in case of the wider bandwidth

Based on the above numerology, the utilized spectrum is 4.515MHz, or 90.3% of the entire 5MHz band.  The projected spectrum for the LTE 5MHz system is calculated by scaling spectral measurements from the Motorola OFDMA base station from 10MHz to 5MHz, and by further scaling the spectrum utilization from 92% (OFDMA 10MHz) to 90.3% (LTE 5MHz).  Note that these measurements were done at carrier frequency of 2.6GHz.  Using this simple interpolation approach, the projected spectrum is shown in Figure 1 for 301 subcarriers, as well as for 289 and 241 subcarriers.  It is observed that the 3GPP spectral mask is easily met even for 301 subcarriers.  The parameters for Motorola’s OFDMA BTS are shown in Table 2.
Table 2.  Motorola’s OFDMA BTS.

	Item
	Value
	Comment

	Used modulation on subcarriers
	QPSK
	

	BS TX power
	30 dBm
	Kept the same for all the scalable BW options

	Carrier Frequency
	2.6 GHz
	

	PSD measurement units
	Measured at dBm/100 kHz and scaled to dBm/30kHz
	

	Bandwidth
	Measured at 10 MHz and scaled 5 MHz
	


[image: image1.emf]0 1 2 3 4 5 6 7 8 9 10

-40

-30

-20

-10

0

10

20

Projected LTE Spectrum, 5MHz System, 43dBm

Frequency from Carrier (MHz)

Power Spectral Density 30kHz bins (dBm)

3GPP Spectral Mask

LTE Spectrum, 301 tones

LTE Spectrum, 289 tones

LTE Spectrum, 241 tones


Figure 1.  Projected LTE Spectrum

3. ACLR
ACLR (transmitter unwanted emissions mechanism) is the portion of interfering Tx power which leaks into the victim Rx channel (integrated over the Rx channel bandwidth). ACLR is thus a measure of the transmitter performance.
ACS (receiver blocking mechanism) is the portion of Tx power which is picked up from the interferer Tx by the overlap of the victim receiver filter with the Tx bandwidth. ACS is thus a measure of the receiver performance.
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Figure 2. ACS and ACLR Definition
The combination of ACLR and ACS is termed Adjacent Channel Interference Ratio (ACIR) and can be expressed as:
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Mathematically, Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the RRC filtered mean power centered on the assigned channel frequency to the RRC filtered mean power centered on an adjacent channel frequency.  The 3GPP requirement is that the ACLR for a 5MHz channel is at least 45dB @ 5MHz offset, and 50dB @ 10MHz offset.
The measured ACLR for the Motorola’s OFDMA base station is 58.3dB @ 5MHz offset, after scaling down the RF bandwidth from 10MHz to 5MHz, and scaling the number of sub-carriers accordingly. 
It may be noted that although the measurements were done with a lower power PA, the ACLR and spectrum should be similar when scaled up to 43dBm/antenna PA for carrier frequencies below 2.7GHz.
4. Conclusion

Based on the study, it is observed that the UMTS Spectral Mask and ACLR requirement is easily met with the current downlink numerology.  However, one may need to specify new masks for LTE for different bandwidths, TDD/FDD etc.
5. References

[1] R4-060036, “LTE RF Spectrum Emissions”, Nokia, RAN4#38 Denver, USA, Feb. 2006.
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