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1. Introduction

It has been agreed that the general E-UTRA spectrum emission mask is to be reused for eLAA when NS_01 is signaled.  However, to operate in Europe, a stricter emission mask is required in accordance with ETSI harmonized standard ETSI EN 301 893.  
2. Discussion
The ETSI harmonized standard [1] in subclause 4.5.2.2 specifies a spectrum emission mask for the transmitter in the 5 GHz band as shown in Figure 1.
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Figure 1.  Transmit mask from ETSI harmonized standard (Figure 1 of [1])

The limits in dBc are defined as spectral density relative to the maximum spectral power density of the transmitted signal.  The measurement bandwidth is 1 MHz.  In subclause 4.4.2.2, the mean power density in e.i.r.p. of the transmitted signal is 10 dBm/MHz with TPC.
Two approaches have been provided to reflect the ETSI SEM requirement into 3GPP specifications.  In [2], a proposal is made to specify this in a similar manner to the analogous requirement for the basestation in 36.104.  In [3], a proposal is made that is more in line with how other emissions requirements are specified for the UE in 36.101.  Ultimately, either approach can be used if they yield an equivalent requirement.  However, a closer examination of [2] reveals important differences.  Each are described below.
One aspect of the approach proposed in [2] (reproduced below) is that the requirement is defined relative to the actual transmitted power level.  In other words, the requirement is defined as a function of P so the actual limits would vary depending on the actual transmit power in a relative sense.  It may, however, be preferable to specify the requirement at the fixed maximum output power to represent the worst case.  In fact, in the implementation of the analogous requirement in the basestation specification in 36.104, the specification was implemented as a function of Pmax,c rather than P.  

Table 6.6.2.2.5-1: Additional requirements
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
[dBm]
	Measurement bandwidth

	0 MHz ( (f < 1 MHz
	0.5 MHz ( f_offset < 1.5 MHz
	P – 27.6 dB – 10(f_offset/MHz – 0.5) dB
	1 MHz 

	1 MHz ( (f < 10 MHz
	1.5 MHz ( f_offset < 10.5 MHz 
	P – 32.6 dB – 8/9(f_offset/MHz – 0.5) dB
	1 MHz 

	10 MHz ( (f < 20 MHz
	10.5 MHz ( f_offset < 20.5 MHz
	P – 40.6 dB – 1.2(f_offset/MHz – 0.5) dB
	1 MHz 

	20 MHz ( (f < 170 MHz
	20.5 MHz ( f_offset < 170.5 MHz
	P – 52.6 dB
	1 MHz 

	170 MHz ( (f < 196 MHz
	170.5 MHz ( f_offset < 196.5 MHz
	P – 54.6 dB
	1 MHz

	170 MHz ( (f 
	170.5 MHz ( f_offset
	P – 57.6 dB
	1 MHz

	NOTE 1:   P denotes the measured total output power in dBm and the measurement filter ‑3dB point is that closest to the channel edge.
NOTE 2:   The requirement applies when the offset of the measurement filter centre frequency is such that both -3 dB points of the measurement filter are confined within any of the two frequency ranges 5150-5250 MHz and 5470-5725 MHz.


NOTE:
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.
The definition of filter offsets in [2] compared to the ETSI mask is referenced to the measurement filter -3 dB point.  On the other hand, UE emission requirements in 36.101 for spurious emissions are referenced to the measurement filter center frequency instead of the filter edge.  
NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.

For a 1 MHz measurement bandwidth, the difference between referencing to the filter edge compared to the filter center frequency represents a shift of 500 kHz.  Thus, the proposal in [2] while suited for the basestation specification is not consistent with UE specifications.

Another discrepancy is that the proposal in [2] computes the emission limit relative to the average power spectral density of the transmitted signal.  Specifically, the calculation is P – 12.6 dB – mask, where 12.6 dB is a normalization by the occupied channel bandwidth, i.e., 18 MHz.  However, the ETSI requirement calls for the emission limit to be met relative to the maximum power density.  Only in the case that the transmit signal is fully allocated and flat in PSD across the entire channel is the calculation in [2] a valid representation of the maximum power density.  While this may be a valid assumption for the basetstation, it is not the case for the UE.  Given that the eLAA uplink is an interlaced waveform, the average PSD underestimates the maximum PSD by 2.6 dB.
Lastly, it is observed that the mask proposed in [2] partially follows the ITU-R M.1450 mask, but not entirely.  The ITU-R mask slightly differs from the ETSI mask in that the transition from 0 dBc to -20 dBc occurs over the range from 9 MHz to 11 MHz for the ITU mask compared to the range from 10 MHz to 11 MHz for the ETSI mask.  The proposal in [2] follows the ITU mask, but only over the range from 10 MHz to 11 MHz so is faithful to neither the ITU nor the ETSI mask.  In any case, our view is that the ETSI mask is the relevant mask for regulatory compliance in Europe.  Moreover, in addition to using the ITU mask instead of the ETSI mask, the calculation of the ITU mask in [2] appears to be in error by 5 dB in the 0 to 1 MHz frequency range and the frequency ranges beyond 170 MHz appear to be incorrect.
The proposal for spurious emission requirements in [2] is not preferred for a UE specification for the reasons described above.  Instead, we propose the table as shown below to reflect the ETSI mask for operation in Europe.  The requirement described below is based on the ETSI mask.  It is described in the out-of-band emissions subclause of 36.101, but with clarification that the requirement applies beyond the out-of-band to spurious emission boundary as well.  The limits are derived based on the maximum transmitted PSD which is defined to be 10 dBm/MHz in ETSI European regulations.  

6.6.2.2.X 
Minimum requirement (network signalled value “NS_xx”)

When "NS_xx" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.2.x-1.  This requirement also applies for the frequency ranges that are greater than FOOB (MHz) in Table 6.6.3.3.1-1 from the edge of the channel bandwidth.
Table 6.6.2.2.x-1: Additional requirements 

	Frequency band

(MHz)
	ΔfOOB
(MHz)
	10

MHz (dBm)
	20
MHz (dBm)
	Measurement bandwidth

	5150 ≤ f ≤ 5350 or

5470 ≤ f ≤ 5725
	( 0-1
	FFS
	10–20*|ΔfOOB|
	1 MHz

	
	( 1-10
	FFS
	-10–0.9*(|ΔfOOB|-1)
	1 MHz

	
	( 10-15
	FFS
	-18–1.2*(|ΔfOOB|-10)
	1 MHz

	
	( 15-20
	FFS
	-18–1.2*(|ΔfOOB|-10)
	1 MHz

	
	( 20-170
	FFS
	-30
	1 MHz

	
	( 170-206
	FFS
	-32
	1 MHz

	
	> ±206
	FFS
	-37
	1 MHz


NOTE:
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.

3. Conclusion

The E-UTRA general SEM has been agreed for LTE.  However, a stricter requirement may be necessary in some countries.  For example, the ETSI Harmonized Standard for Europe mandates a different SEM that should be captured in the 3GPP specifications and triggered by appropriate NS signaling.  While there was a previous proposal to adopt a SEM format similar to what has already been included in the basestation specifications, this contribution highlights inconsistencies and potential errors in that proposal and instead proposes a slightly different formulation that is more preferred for implementation in the UE specification.
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