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1 Background

It has been proposed [1] that the general E-UTRA spectrum emissions mask also be assumed for unlicensed UL operations in Band 46. In this contribution we propose not to do this, but rather use a mask similar to that agreed for the BS. The proposed general mask is part of ITU-R recommendations for existing RLAN technology used in the 5 GHz range. For 5 GHz operations, this ITU-R recommendation covers current RLANs technologies in the ranges 5030-5091 MHz, 5150-5350 MHz and 5470-5825 MHz.
2 The general E-UTRA spectrum emissions mask
The general E-UTRA SEM was derived based on regulatory requirements for licensed bands. There was no attempt tailoring the general mask to the actual transmitter emissions due to the difficulties of multiple bandwidths, but with some consideration of worst-case emissions close-in to the wanted channel. The actual transmitter emissions for different bandwidths were instead assumed to be captured by the ACLR that is also used for coexistence studies. In order to cover cases in which the regulatory requirements were not met with the general mask, additional spectrum emissions masks were defined.
The regulatory documents behind the general E-UTRA SEM are the following:

· FCC Title 47 part 24.238: Band 2 limits
· FCC Title 47 part 27.53: Band 4 limits
· FCC Title 47 part 22.917: Band 5 limits
and the ITU-R Rec. M.1581 containing limits for Band I (UTRA). Clearly, these are not relevant for operations in the 5 GHz range.
3 General mask for uplink operations in Band 46
Instead of the general E-UTRA mask, we propose that the OFDM transmission mask from ITU-R Recommendation M.1450 [2] for broadband RLAN in the 5 GHz range is used as the general mask for Band 46, see Figure 1. This is a relative mask specified for 20 MHz bandwidth and consistent with the mask in EN 301 893 [3] within the first 20 MHz from the nominal channel edge. The latter is already specified for the BS in view of the European regulations, which stipulate the same mask apply for both the BS and UE.
The OFDM mask in ITU-R M.1450 is recommended for both IEEE 802.11a and ARIB standards. It is recommended for operations up to 5825 MHz, the highest frequency for the RLAN standards covered. Adopting this mask as the general SEM for Band 46 would indicate that emissions from the eLAA UL would not exceed those of other RLAN standards. The additional requirements for far-out emissions in the EN mask can be indicated by an NS value indicating a regional requirement. 
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Figure 1: the OFDM transmissions mask for 5 GHz RLAN systems from ITU-R M.1450.
The mask in [2] is relative to the transmitted PSD in the assigned channel, and shall be measured with a reference bandwidth of 100 kHz (denoted measurement bandwidth in 36.101); the reference bandwidth for the transmitted PSD is not explicitly stated but the dBr measurement implies a 100 kHz bandwidth. This relative mask is tighter than the general E-UTRA SEM. However, at any rate, the UE must always meet an ACLR1 requirement of 30 dBc [1] for power levels less than or equal to the MOP, which is assumed to be around +20 dBm for Band 46.
For the eLAA specification we assume that the PSD in Figure 1 is the average density across the nominal channel bandwidth; hence P – 22.6 dBm in any 100 kHz band with P the measured output power across the 20 MHz bandwidth. Then the general mask for Band 46 would be that shown in Table 1 for the 20 MHz channel bandwidth. 
Table 1: general spectrum emission mask for operations in Band 46 (20 MHz channel bandwidth)
	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
	0.05 MHz ( f_offset < 1.05 MHz
	P – 32.6 dB – 10(f_offset/MHz – 0.05) dB
	100 kHz 

	1 MHz ( (f < 10 MHz
	1.05 MHz ( f_offset < 10.05 MHz 
	P – 42.6 dB – 8/9(f_offset/MHz – 0.05) dB
	100 kHz 

	10 MHz ( (f < 20 MHz
	10.05 MHz ( f_offset < 20.05 MHz
	P – 50.6 dB – 1.2(f_offset/MHz – 0.05) dB
	100 kHz 

	20 MHz ( (f < 25 MHz
	20.05 MHz ( f_offset < 30 MHz
	P – 62.6 dB
	100 kHz

	NOTE 1:   P denotes the measured total output power in dBm, and the measurement filter ‑3dB point is that closest to the channel edge.


The standard spurious emissions requirement of -30 dBm/MHz should apply beyond ΔfOOB = 25 MHz consistent with boundary of the spurious emissions domain for the licensed bands. Since the mask is relative, this boundary to the spurious emissions domain should apply as long as the minimum requirements of the SEM exceed the spurious emissions limit; the largest value should apply. The different reference bandwidths, 100 kHz for the mask and 1 MHz for the spurious emission, could be handled by restricting the applicability of the mask to levels exceeding a scaled spurious emissions level of -40 dBm/100kHz. 
The reference bandwidth of unwanted emissions above 1 GHz is often 1 MHz in regulations. Using a reference bandwidth of 1 MHz, the mask would look like that in Table 2:
Table 2: general spectrum emission mask for operations in Band 46 (20 MHz channel bandwidth)
	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 < 30 MHz
	20.5 MHz ( f_offset < 30 MHz
	P – 52.6 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.


In principle, there is no need to use a smaller reference bandwidth for the first MHz; for the general E-UTRA mask this was due to the FCC regulations for the licensed bands (not in Part 15.407). The mask in Table 2 would apply for levels exceeding -30 dBm/MHz. 
For the 10 MHz bandwidth, the masks in Table 1 and Table 2 can be scaled with the bandwidth.
4 General and additional unwanted emissions requirements
MPR should be specified to facilitate compliance with the mask in Figure 1 and the ACLR1 requirements. The reference bandwidth to be used for the general mask may require further consideration with regard to the MPR required. Simulation results presented in [4] indicate that the required MPR is about 3 dB larger for PUSCH interlaces of a 1 RB width for the 100 kHz reference bandwidth compared to the 1 MHz case. Recognising that the reference bandwidth for above 1 GHz operation is often 1 MHz in regulations (e.g. in the current version of [3]), then s deviation from the 100 kHz recommended in [2] can be acceptable.
Other requirements should be indicated by NS signalling and an associated allowed A-MPR if needed. One regional requirement is the SEM required in the current version of the European harmonised standard [3] shown in Figure 2. This mask is consistent with the that in Figure 1 for frequency offsets from the carrier frequency up to up to 1.5N if the reference bandwidth is 1 MHz, but compliance beyond 1.5N would have to be indicated by an NS value.  
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Figure 2: the SEM in the European harmonised standard [3].
The mask in Figure 2 is specified for Band 46 in 36.104 but with a reference bandwidth of 1 MHz.

5 In the 36.101
Introduction of the general SEM for Band 46 would look like follows (alternatives given for both 100 kHz and 1 MHz reference bandwidths):
6.6.2.1
Spectrum emission mask
The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ( edge of the assigned E-UTRA channel bandwidth. For frequencies greater than (ΔfOOB) as specified in Table 6.6.2.1.1-1 the spurious requirements in subclause 6.6.3 are applicable unless otherwise stated.

6.6.2.1.1
Minimum requirement

The power of any UE emission shall not exceed the levels specified in Table 6.6.2.1.1-1 for the specified channel bandwidth.

Table 6.6.2.1.1-1: General E-UTRA spectrum emission mask 

	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18
	-20
	-21
	30 kHz 

	( 1-2.5
	-10
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.8-5
	
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	-13 
	-13 
	1 MHz

	( 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

	( 15-20
	
	
	
	
	-25 
	-13 
	1 MHz

	( 20-25
	
	
	
	
	
	-25 
	1 MHz


< alternative with 1 MHz reference bandwidth in accordance with ITU-R Rec. M.1450 >
For operations in Band 46 the UE emissions shall not exceed the levels specified in Table 6.6.2.1.1-1A for the specified channel bandwidth or the level -40 dBm/100kHz, whichever is higher.
Table 6.6.2.1.1-1A: general spectrum emission mask for operations in Band 46 (20 MHz channel bandwidth)
	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
	0.05 MHz ( f_offset < 1.05 MHz
	P – 32.6 dB – 10(f_offset/MHz – 0.05) dB
	100 kHz 

	1 MHz ( (f < 10 MHz
	1.05 MHz ( f_offset < 10.05 MHz 
	P – 42.6 dB – 8/9(f_offset/MHz – 0.05) dB
	100 kHz 

	10 MHz ( (f < 20 MHz
	10.05 MHz ( f_offset < 20.05 MHz
	P – 50.6 dB – 1.2(f_offset/MHz – 0.05) dB
	100 kHz 

	20 MHz ( (f < 30 MHz
	20.05 MHz ( f_offset < 30 MHz
	P – 62.6 dB
	100 kHz 

	NOTE 1:   P denotes the measured total output power in dBm, and the measurement filter ‑3dB point is that closest to the channel edge.


< alternative with 1 MHz reference bandwidth >
For operations in Band 46 the UE emissions shall not exceed the levels specified in Table 6.6.2.1.1-1A for the specified channel bandwidth or the level in Table 6.6.3.1-2, whichever is higher.
Table 6.6.2.1.1-1A: general spectrum emission mask for operations in Band 46 (20 MHz channel bandwidth)
	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 < 30 MHz
	20.5 MHz ( f_offset < 30 MHz
	P – 52.6 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:
 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.

6.6.2.1A
Spectrum emission mask for CA
6 Proposal
It is proposed to 
· adopt the OFDM transmission mask in ITU-R Recommendation M.1450 (as shown in Figure 1) as the general SEM for UL operations in Band 46, but the emissions should not be required to be lower than the general -30 dBm/MHz spurious emissions limit; 
· use a reference bandwidth of 1 MHz;
· scale the above mask for 10 MHz.
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