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1. Introduction

Regarding the E-UTRA spectrum emissions mask (SEM), FCC and ACLR requirements, the following points (among others) were agreed in [1]:

1.
The SEM limit should be set to allow some variations due to varying power allocation between resource blocks.

2.
If there is to be both an ACLR-type requirement with carrier-wide reference bandwidth and a mask (SEM) with much narrower reference bandwidth, the ACLR limit should be somewhat stricter than the integrated SEM. In this way, the ACLR can capture the “average” behaviour over a carrier, while the SEM can take into account the variations in the spectrum emissions resulting from variations in power allocations. Therefore the integrated power over the SEM on an adjacent channel must not be identical with the ACLR requirement.

3.
FCC requirements which apply mainly in Region 2 should be defined separately as an absolute limit and may need a smaller measurement bandwidth in some cases.

All these points indicate that the E-UTRA SEM may be specified “looser” than the corresponding ACLR requirements. This would be different from the situation in UTRA in which the PA operating point is typically driven by the SEM and not by the ACLR1/2 (or ITU Cat. B) requirements. On the other hand, E-UTRA co-existence requirements obtained in [2] are formulated as minimum ACLR requirements. Therefore, it would be natural to consider the PA operating point being driven by the corresponding ACLR requirements and to investigate the required relaxation of the E-UTRA SEM relative to the UTRA SEM. 
Such an approach could allow some potential optimisation of the PA (e.g. in terms of maximum BS TX power) for operating bands outside Region 2. Preliminary simulation results for the 5 and 10 MHz E-UTRA options for this aspect have been presented in [3]. The results indicated that moderated gains on the maximum TX power can indeed be achieved and that therefore relaxation of EUTRA SEM relative to the UTRA SEM is recommended.
Furthermore from a regulatory perspective there are no requirements for the SEM when applied within the operating bands other than the need to fulfil the ITU Cat B spurious emission limits of -25 dBm/100 kHz [1] outside the range of 250% of the nominal bandwidth. However, it should be noted that the UTRA SEM has been referred to in some ECC co-existence studies [5, 6, 7] and from this perspective provides some “legacy”.
Following this concept of unwanted emission limits, this document provides a proposal for E-UTRA operating band emission limits.
2. Discussion
In the following the principles of the proposal for operating band unwanted emission limits are outlined and illustrated in figure 1, and tables 1 to 3. In this proposal also some of the tentative bandwidth options <5MHz discussed in [8,9,10] are included for information.
Figure 1: Principle illustration of spectrum emission mask
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Table 1: BS output power assumptions for spectrum emission mask

	Bandwidth (MHz)
	1,4
	1,8
	3
	5
	10
	15
	20

	Output power (dBm)
	46
	46
	46
	46
	46
	47,75
	49


Table 2: Spectrum emission mask offset frequencies

	Bandwidth (MHz)
	1,4
	1,8
	3
	5
	10
	15
	20

	offset A (MHz)
	0,700
	0,900
	1,500
	2,500
	5,000
	7,500
	10,000

	offset B (MHz)
	2,100
	2,700
	4,500
	7,500
	15,000
	22,500
	30,000

	offset C (MHz)
	3,500
	4,500
	7,500
	12,500
	25,000
	37,500
	50,000


Table 3: Spectrum emission mask levels at offset frequencies of table 2 for 100 kHz measurement bandwidth

	Bandwidth (MHz)
	1,4
	1,8
	3
	5
	10
	15
	20

	Level at offset A (dBm)
	-1
	-2,5
	-5
	-7,5
	-10,5
	-10,5
	-10,5

	Level at offset B (dBm)
	-11
	-12,5
	-15
	-17,5
	-20.5
	-20,5
	-20,5

	Level at offset C (dBm)
	-25
	-25
	-25
	-25
	-25
	-25
	-25


Some notes for further explanation and discussion:

· Levels are absolute levels like in UTRA 
· While there are some deviating assumptions regarding the BS TX powers for some E-UTRA bandwidth options in TR 36.942, these were working assumptions to produce the co-existence results and were not to be understood a specification for maximum TX power. Furthermore, when presenting results for e.g. numerology, several companies did use higher TX power assumptions for E-UTRA bandwidths <= 5 MHz, so perhaps this should be discussed further. For this initial SEM proposal we used the TX power assumptions in table 1, but these are for further discussion within RAN4
· There are no working assumptions yet for the E-UTRA->E-UTRA ACLR1/2 values in [1]. In [3] possible relaxation of the UTRA SEM was studied based on the assumption that a E-UTRA->E-UTRA ACLR1 of 45 dB would be driving TX linearity requirements and this is the assumption we also take here. Furthermore the simulation results in [3] indicated ~7 dB difference between the E-UTRA->E-UTRA ACLR1 and ACLR2 values; here we assumed somewhat more conservatively a 5 dB difference, i.e. ACLR2 = 50 dB was assumed. Obviously these values are FFS.
· Levels are calculated for certain frequency offsets A (start ACLR1), B (start ACLR2) , C (start spurious domain) and scale with E-UTRA bandwidth in line with the behaviour of actual PA devices as shown in [3 and 4]. Even if the SEM does not need to meet ACLR requirements it is desired that the SEM follows the ACLR limits in order to provide a constant relation to ACLR and thus allow reasonable predictions e.g. for the purposes of co-existence studies
· In the range of ACLR 1 between frequency offsets A and B the mask limits follows a 10 dB slope with around 3 dB margin to the assumed ACLR 1 of 45dB. 
· Levels at the frequency offsets A and B for 15MHz and 20MHz bandwidth are identical to those for 10MHz bandwidth due to the assumed higher output power. However the level at frequency offset A is about 1dB more stringent compared to the starting level of the UTRA SEM.
· In the range of ACLR 2 between frequency offsets B and C the mask is flat with around 3 dB margin to the assumed ACLR 2 of 50dB
· In the spurious domain beyond frequency offset C the limits are given be the in-band cat B spurious emission limits.

· The 3 dB relaxation of the SEM-integrated to the required ACLR values is intended to cover “ripples” due to e.g. DL power control of RBs

· This SEM proposal does indeed not fulfil FCC Part 24 limits. These limits apply in region 2 bands as additional limits. However, the level at the starting point of the SEM exceeds the FCC limits for the first MHz outside operating bandwidth with only roughly 3dB
· Mask is intended to be applicable to general purpose BS, requirements for lower power BS are FFS 

· Impact on SEM due to Multi-mode BS (eg UTRA + E-UTRA) is FFS

3. Conclusion 

In this document we provided a proposal for E-UTRA operating band emission limits. Annex A contains a corresponding text proposal for inclusion in TR36.804.
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Annex A: Text proposal for TR 36.804
The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification.

Emissions shall not exceed the maximum level specified in the tables below for [any] BS maximum output power, where:
-
(f is the separation between the carrier centre frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.

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

-
f_offsetmax is the offset to the frequency 10 MHz outside the operating band edge.

-
(fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.

Table 6.6.2-2: Operating band unwanted emission limit values for 20 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	10 MHz ( (f < 30 MHz
	10.05 MHz ( f_offset < 30.05 MHz
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	100 kHz 

	30 MHz ( (f < 50 MHz
	30.05 MHz  f_offset < 50.05 MHz 
	[-20,5 dBm]
	100 kHz 

	
	
	
	

	50 MHz ( (f ( (fmax
	50.05 MHz ( f_offset < f_offsetmax 
	[-25 dBm]
	100 kHz 


Table 6.6.2-3: Additional Operating band unwanted emission limit values for band II, IV, V, X, and 20 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	10 MHz ( (f <11 MHz
	10.05 MHz ( f_offset < 10.95 MHz
	[-16 dBm]
	100 kHz 

	11 MHz ( (f < (fmax MHz
	11.5 MHz ( f_offset < f_offsetmax MHz
	[-13 dBm]
	1 MHz


Table 6.6.2-4: Operating band unwanted emission limit values for 10 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	5 MHz ( (f < 15 MHz
	5.05 MHz ( f_offset < 15.05 MHz
	[
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	100 kHz 

	15 MHz ( (f < 25 MHz
	15.05 MHz  ( f_offset < 25.05 MHz
	[-20.5 dBm]
	100 kHz 

	
	
	
	

	25 MHz ( (f ( (fmax
	25.05 MHz ( f_offset < f_offsetmax 
	[-25 dBm]
	100 kHz 


Table 6.6.2-5: Additional Operating band unwanted emission limit values for band II, IV, V, X, and 10 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	5 MHz ( (f < 6 MHz
	5.05 MHz ( f_offset < 5.95 MHz
	[-13 dBm]
	100 kHz 

	6 MHz ( (f < (fmax MHz
	6.5 MHz ( f_offset < f_offsetmax MHz
	[-13 dBm]
	1 MHz


Table 6.6.2-6: Operating band unwanted emission limit values for 5 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	2.5 MHz ( (f < 7.5 MHz
	2.55 MHz ( f_offset < 7.55 MHz
	[
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	7.5 MHz ( (f < 12.5 MHz
	7.55 MHz ( f_offset < 12.55 MHz
	[-17.5 dBm]
	100 kHz 

	
	
	
	

	12.5 MHz ( (f ( (fmax
	12.55 MHz ( f_offset < f_offsetmax 
	[-25 dBm]
	100 kHz 


Table 6.6.2-7: Additional Operating band unwanted emission limit values for band II, IV, V, X, and 5 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	2.5 MHz ( (f < 3.5 MHz
	2.515 MHz ( f_offset < 3.485MHz
	[-15 dBm]
	30 kHz 

	3.5 MHz ( (f < (fmax MHz
	4 MHz ( f_offset < f_offsetmax MHz
	[-13 dBm]
	1 MHz
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