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1. Introduction

During the last AdHoc meeting in Cannes, France whether the UE [1] and BS [2] UTRA spectral masks are met on the current E-UTRA numerology is discussed. As an output, a LS on spectral emissions mask and coexistence is sent to RAN4 for the number of 15 kHz sub-carriers that may be occupied on the uplink in a DFT-S-OFDM symbol and on the downlink in an OFDM symbol in the 5 MHz spectrum allocation case such that the respective UE and BS UTRA spectral masks given in [1] and [2] may be satisfied. We investigated here the effectiveness of the time-windowing function in meeting the UTRA spectral mask and its impact on the number of occupied sub-carriers.

2. Spectrum Requirements

The spectrum emission mask requirements of UE had been presented in Appendix A.1. However, it is only for the case of 5MHz bandwidth due to lack of constraints for bandwidths other than 5 MHz in [1]. It is suggested that the spectral mask requirement for the bandwidths other than 5 MHz be met according to Table 1 below. However, only the power spectrum located in the range between [BW/2, fs/2] shall be measured if the overall bandwidth is below 5 MHz.

	Table 1: UE Spectrum Emission Mask Requirement for Bandwidths other than 5 MHz

Δf in MHz
(Note 1)
	Minimum requirement (Note 2) Band I, II, III, IV, V, VI, VII
	Additional requirements Band II, Band IV and Band V (Note 3)
	Measurement bandwidth (Note 6)

	
	Relative requirement
	Absolute requirement
	
	

	BW/2 ~ BW/2+1
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	-71.1 dBm
	-15 dBm
	30 kHz 
(Note 4)


In the same way, the spectrum emission mask requirements of BS had been presented in Appendix A.2. Regarding bandwidths other than 5 MHz there is no changes of the BS spectrum emission mask requirements when compared to the case of 5MHz bandwidth. That is to say, the spectrum mask requirements for 5MHz bandwidth are applied to all available bandwidths defined in [3] as other contributions usually did ([4] and [5]).
3. Time-Windowing for OFDM symbols

The power spectrum of conventional OFDM transmission systems contains non-negligible out-of-band power. Moreover, due to the properties of the discrete Fourier transform employed, the power spectrum has some undesirable oscillation within and outside the range of the populated sub-carriers. Time-windowing helps to reduce the inter-channel interference and makes it easier to satisfy the requirements for out-of-band emissions and also for adjacent channel power leakage. 
Figure 1 gives the description of the widowing function in the time domain. A extended cyclic prefix of length L samples is followed by the head of each symbol, then a well designed window function, e.g. the raised cosine (RC) window to be used in the simulation, is multiplied with the full OFDM symbol. 
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Figure 1: Illustration of windowing OFDM symbols in the time domain
4. Discussion

To validate the benefits from the time-windowing for OFDM symbols the raised cosine function of various lengths is applied to the DFT-s-OFDM based uplink and the OFDM based downlink transmission schemes for such available bandwidths as 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz. The chosen of the guard-band between the nominal bandwidth of the occupied sub-carriers and the edge of the allocated bandwidths has been made according to [3] to be roughly proportional to the allocated bandwidth. In particular, the downlink guard-band has been chosen as large as 992.5 kHz for the case of 20 MHz allocated bandwidth and as small as 55 kHz for the case of 1.25 MHz allocated bandwidth at both sides of the occupied sub-carriers. However, the uplink guard-band is a little larger than both downlink values as 62.5kHz for the case of 1.25MHz and 1000kHz for the case of 20MHz at both sides of the occupied sub-carriers. 

It should be noted here that the absolute transmit power of BS has no longer been kept constant at 43 dBm (20 W) as outlined in [4]. As an alternative, the absolute transmit power in the case of bandwidths above 5 MHz (not including 5 MHz) is increased by 3 dB over 43 dBm whereas the absolute transmit power in the case of bandwidths below 5 MHz (including 5 MHz) is still kept at 43 dBm. On the contrary, the absolute transmit power of UE has always been kept constant at 23 dBm. 
Moreover, due to the power spectrum symmetry between the both sides of the carrier frequency as illustrated in figure 2 for the OFDM based downlink and figure 3 for the DFT-s-OFDM based uplink respectively, we present only the simulating result descriptions of a single-side bandwidth case in Appendix B. By means of power spectrum outputs in Appendix B, all of available bandwidths, with either DFT-S-OFDM based uplink transmission or OFDM based downlink transmission, the intrinsic power spectrum of the signal without time windowing strictly violates the spectrum mask requirements outside the allocated bandwidth. Moreover, the basic transmission scheme with a larger bandwidth is much easier to meet any out-of-band emissions requirements, compared to one with a smaller bandwidth.
We also see in Appendix B.1 that the different lengths of the windowing overlap between adjacent OFDM symbols be required in order to satisfy the out-of-band emission requirement. As far as the case of 1.25 MHz bandwidth is concerned, more than 45 overlapped samples, which is much longer than the short CP length of 9 samples, should be supported to meet the out-of-band emission requirements. The similar conclusions on DFT-s-OFDM based uplink transmission come from Appendix B.2.

The window overlap to meet spectrum mask requirements for available bandwidths is listed in table 8 of Appendix B.1 and table 9 of Appendix B.2 along with the cyclic prefix lengths defined for the individual bandwidths. For small nominal bandwidth of 1.25 MHz or 2.5 MHz the required window overlap length exceeds the CP length, and even for 5 MHz the required window overlap length is still comparable to the cyclic prefix length. Regarding to the relationship between the window overlap and the cyclic prefix, a window overlap length larger than the cyclic prefix length is not acceptable in either OFDM based basic downlink transmission scheme or DFT-S-OFDM based basic uplink transmission scheme due to the potential introduction of artificial inter-symbol interference and at least useless for inter-symbol interference avoidance. With this principle the window overlap of 1.25 MHz, 2.5 MHz systems is too large to be accepted if the spectral masks must be met. In other words, the number of occupied sub-carriers for the bandwidths 1.25 MHz, 2.5 MHz has to be reduced, which may lead to significant decreasing of the spectrum efficiency. On the contrary, the number of occupied sub-carriers can be increased for the bandwidths of 10 MHz, 15 MHz, 20 MHz with more efficient spectrum utilization. 
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Figure 2: OFDM Power spectrum at both sides of the carrier frequency for 5MHz bandwidth
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Figure 3: DFT-s-OFDM Power spectrum at both sides of the carrier frequency for 5MHz bandwidth
5. Conclusions

Without time-windowing technique, E-UTRA basic transmission schemes for all available bandwidths strictly violate the out-of-band emission requirements although the scheme with a larger bandwidth can meet the spectrum mask requirements relatively easily than one with smaller bandwidths because of more sufficient guard-band around 4 MHz for the case of 20 MHz bandwidth, for example. So it is necessary to use time-windowing for both downlink and uplink schemes and with this technique there is more or less space of the sub-carrier resources left especially for larger bandwidth cases, which means the need of modify current sub-carrier number design in [6]. However, in cases of 1.25 MHz and 2.5MHz bandwidths the basic transmission schemes should seek other approaches to meet the requirements of the spectrum mask and to keep acceptable spectrum efficiency at the same time. 
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Appendix A – Spectrum Mask Requirements

A.1 – UE Spectrum Mask Requirements

Referring to [1], the power of any UE emission shall not exceed the levels specified in Table 6. The absolute requirement is based on a –50 dBm/3.84 MHz minimum power threshold for the UE. This limit is expressed for the narrower measurement bandwidths as –55.8 dBm/1 MHz and –71.1 dBm/30 kHz. 
	Table 6: UE Spectrum Emission Mask Requirement for 5 MHz Bandwidth

Δf in MHz
(Note 1)
	Minimum requirement (Note 2) Band I, II, III, IV, V, VI, VII
	Additional requirements Band II, Band IV and Band V (Note 3)
	Measurement bandwidth (Note 6)

	
	Relative requirement
	Absolute requirement
	
	

	2.5 - 3.5
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	-71.1 dBm
	-15 dBm
	30 kHz 
(Note 4)

	3.5 - 7.5
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	-55.8 dBm
	-13 dBm
	1 MHz 
(Note 5)

	7.5 - 8.5
	[image: image6.wmf]dBc

MHz

f

þ

ý

ü

î

í

ì

÷

ø

ö

ç

è

æ

-

D

×

-

-

5

.

7

10

39


	-55.8 dBm
	-13 dBm
	1 MHz
(Note 5)

	8.5 - 12.5 MHz
	-49 dBc
	-55.8 dBm
	-13 dBm
	1 MHz
(Note 5)

	Note 1:
(f is the separation between the carrier frequency and the centre of the measurement bandwidth.

Note 2:
The minimum requirement for bands I, II, III, IV, V, VI & VII is calculated from the relative requirement or the absolute requirement, whichever is the higher power.

Note 3:
For operation in Band II, Band IV and Band V only, the minimum requirement is calculated from the minimum requirement calculated in Note 2 or the additional requirement for band II, whichever is the lower power.

Note 4:
The first and last measurement position with a 30 kHz filter is at (f equals to 2.515 MHz and 3.485 MHz.

Note 5:
The first and last measurement position with a 1 MHz filter is at (f equals to 4 MHz and 12 MHz.
Note 6:
As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.


A.2 – BS Spectrum Mask Requirements

According to [2], the requirement listed in table 7 which shall be met by a base station transmitting on a single RF carrier configured in accordance with the manufacturer's specification. Emissions shall not exceed the maximum level specified in table 2 for the appropriate BS maximum output power, in the frequency range from (f  = 2.5 MHz to  (fmax from the carrier frequency, where:

- (f is the separation between the carrier frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.

- F_offset is the separation between the carrier frequency and the centre of the measuring filter.

- f_offsetmax is either 12.5 MHz or the offset to the UMTS Tx band edge as defined in section 5.2, whichever is the greater.

- (fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.
Table 7: Spectrum emission mask values, BS maximum output power P ( 43 dBm
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement Band I, II, III, IV, V, VII
	Additional requirements Band II, IV and V 1
	Measurement bandwidth2

	2.5 MHz ( (f < 2.7 MHz
	2.515MHz  ( f_offset < 2.715MHz  
	-14 dBm
	-15dBm
	30 kHz 

	2.7 MHz ( (f < 3.5 MHz
	2.715MHz  ( f_offset < 3.515MHz
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	-15dBm
	30 kHz 

	(see note 1)
	3.515MHz  ( f_offset < 4.0MHz 
	-26 dBm
	NA
	30 kHz 

	3.5 MHz ( (f ( (fmax
	4.0MHz  ( f_offset < f_offsetmax 
	-13 dBm
	NA
	1 MHz 


NOTE 1: This frequency range ensures that the range of values of f_offset is continuous.

Appendix B – Additional Simulation Results
B.1 – OFDM Simulation Results
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Figure 6: OFDM Power spectrum for 1.25MHz bandwidth
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Figure 7: OFDM Power spectrum for 2.5MHz bandwidth
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Figure 8: OFDM Power spectrum for 5MHz bandwidth
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Figure 9: OFDM Power spectrum for 10MHz bandwidth
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Figure 10: OFDM Power spectrum for 15MHz bandwidth
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Figure 11: OFDM Power spectrum for 20MHz bandwidth

Table 8: Comparison of required window overlap and cyclic prefix length

	Bandwidth
	Number of useful sub-carriers

(including DC)
	window overlap samples, required for less than  –14 dBm/30kHz outside the allocated bandwidth
	Cyclic prefix length (25.814 v150 )
	the ratio of window overlap samples to the shortest CP length

	1.25 MHz
	76
	45
	9 or 10
	>>CP length

	2.5 MHz
	151
	30
	18 or 20
	>>CP length

	5 MHz
	301
	21
	36 or 40
	58.3％

	10 MHz
	601
	16
	72 or 80
	22.2％

	15 MHz
	901
	9
	108 or 120
	8.3％

	20 MHz
	1201
	2
	144 or 160
	1.4％


B.2 – DFT-s-OFDM Simulation Results
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Figure 12: DFT-s-OFDM Power spectrum for 1.25MHz bandwidth
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Figure 13: DFT-s-OFDM Power spectrum for 2.5MHz bandwidth
[image: image16.png]Power density (dBm/30kHz)

DFT-5-OFDM Power Spectrum for SMHz bandwidth

— o windowing
—— RC:10 samples overlap
~— RC:20 samples overlap
— RC:30 samples overlap

Spectral mask

14 16 18 2 22 24 26 28 3 32 34
Frequency in Hz




Figure 14: DFT-s-OFDM Power spectrum for 5MHz bandwidth
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Figure 15: DFT-s-OFDM Power spectrum for 10MHz bandwidth
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Figure 16: DFT-s-OFDM Power spectrum for 15 MHz bandwidth
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Figure 17: DFT-s-OFDM Power spectrum for 20MHz bandwidth
Table 9: Comparison of required window overlap and cyclic prefix length

	Bandwidth
	Number of useful sub-carriers


	window overlap samples
	Cyclic prefix length (25.814 v150 )
	the ratio of window overlap samples to the shortest CP length

	1.25 MHz
	75
	28
	7 or 15
	>>CP length

	2.5 MHz
	150
	25
	15 or 23
	>CP length

	5 MHz
	300
	20
	31 or 39
	64.5％

	10 MHz
	600
	15
	63 or 81
	23.8％

	15 MHz
	900
	12
	95 or 103
	12.6％

	20 MHz
	1200
	9
	127 or 135
	7.1％
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