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1. Introduction

The spurious emissions for UE co-existence between bands 42 and 43 are specified in TS 36.101, section 6.6.3.2, at a level of -50dBm in 1 MHz close to the band edge. No transition region is allowed or defined. A note in the specification acknowledges that this requirement cannot be met without changes to either the operating band or the protected band.

In this contribution we compare the emission targets for bands 42 and 43 with the targets set for other E-UTRA bands. We then propose a detailed emissions mask for the two bands that is aligned with other similar bands.

If no change is agreed this will lead to significantly higher cost of the UE and hold up wide-spread deployment of these frequency bands.
2. Discussion

Background

UE specification TS 36.101, section 6.6.3.2 currently specifies the emissions as shown in the table below.
Table 6.6.3.2-1: Requirements

	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	42
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 26, 27, 28, 33, 34, 38, 40, 41, 44


	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	43
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 26, 27, 28, 33, 34, 38, 40
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	
	E-UTRA Band 22
	FDL_low 
	- 
	FDL_high
	[-50]
	[1]
	3

	NOTE 3:
To meet these requirements some restriction will be needed for either the operating band or protected band


Although not explicitly stated in this section, the spurious emission limits apply from an offset frequency fOOB from the band edge. The value of fOOB (in MHz) is channel bandwidth dependent and specified as follows:
Table 6.6.3.1-1: Boundary between E-UTRA out of band and spurious emission domain

	Channel bandwidth 
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	OOB boundary FOOB (MHz)
	2.8
	6
	10
	15
	20
	25


The specifications in TS 36.101 have been adopted by ETSI and reflected in the sixth release of the European Harmonized Standard EN 301 908-13, see section 4.2.4 in [1].
Challenges for UE implementation
Unwanted emissions at frequency offsets from the band edge comparable to the channel bandwidth are dominated by PA inter-modulation products. For example, a fully allocated 20 MHz channel (100RB) has a desired bandwidth of around 18 MHz. Third-order intermodulation products are up to 54 MHz wide, which means they extend up to 17 MHz from the band edge. Third-order inter-modulation products therefore fall into the frequency region defined as out-of-band emissions and limited by ACLR specifications.
Fifth order harmonics extend up to (5*18 MHz/2 – 10 MHz) = 35 MHz from the band edge. These products already fall into the spurious emissions domain.

For TDD bands 42 and 43 no filter is typically used after the PA which means the 5th and higher order inter-modulation products created in the power amplifier are transmitted directly.

To meet the currently specified -50dBm limit (in 1 MHz) excessive headroom is required on the PA which significantly degrades the power efficiency of the system. Alternatively, a post-PA filter could be used which would also be very challenging for the relatively wide frequency bands at 3.5 GHz. A post-PA filter would also increase UE cost and, due to insertion losses, degrade power efficiency. 

As a result, the specification as it stands makes it practically impossible to serve the market with low cost UEs for these frequency bands.
Observation 1: Current limit of -50dBm for bands 42 & 43 makes it infeasible to design low cost UEs and holds back market adoption of these frequency bands.
Comparison with other bands
Similar co-existence challenges exist for other band combinations. There is no example of two adjacent TDD bands yet but three examples of TDD bands immediately adjacent to FDD bands:
· Band 1 emissions into band 33/39 (1880 – 1920 MHz)
· Emissions 1915 – 1920 MHz: +1.6dBm (MBW 5 MHz)

· Emissions 1895 – 1915 MHz: -15.5dBm (MBW 5 MHz)

· Emissions 1880 – 1895 MHz: -40dBm (MBW 1 MHz)
· Band 7 emissions into band 38 (2570 – 2620 MHz)

· Emissions 2570 – 2575 MHz: +1.6dBm (MBW 5 MHz)
· Emissions 2575 – 2595 MHz: -15.5dBm (MBW 5 MHz)

· Emissions 2595 – 2620 MHz: -40dBm (MBW 1 MHz)

· Band 38 emissions into band 7 (2620 – 2690 MHz)
· Emissions 2620 – 2645 MHz: -15.5dBm (MBW 5 MHz)

· Emissions 2645 – 2690 MHz: -40dBm (MBW 1 MHz)

The levels of +1.6dBm and -15.5dBm in 5 MHz MBW were first proposed in ECC report 131, [2].

Observation 2: For all other similar bands a transition region is defined with limits higher than -50dBm.
The diagram below shows the emission specs as a function of absolute frequency offset from the band edge for the three cases already defined today.
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The current specification for band 42 and band 43 does not explicitely specify the region below fOOB (although out-of-band emissions apply). The -50dBm target applies from the offset fOOB offset which results in a much more severe limitation than in comparable bands especially for narrower channels as indicated in the drawing.
Proposed change

We propose a transition region is defined in which the emission target is relaxed in alignment with other E-UTRA bands. This also allows for Note 3 to be removed. The proposed changes are shown below and reflected in [3], [4], [5].
Proposal 1: Emissions limits for mutual co-existence of bands 42 and 43 shall be aligned with similar co-existence cases (bands 7 and 38 and bands 1 and 33/39) until RAN4 addresses thoroughly this coexistence case.
Table 6.6.3.2-1: Requirements

	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	42
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 26, 27, 28, 33, 34, 38, 40, 41, 44


	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	
	Frequency range
	3600 
	- 
	3605
	+1.6
	5
	15

	
	Frequency range
	3605
	-
	3625
	-15.5
	5
	15

	
	Frequency range
	3625
	
	3650
	-40
	1
	

	
	Frequency range
	3650 
	- 
	3800
	-50
	1
	

	43
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 26, 27, 28, 33, 34, 38, 40
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	
	E-UTRA Band 22
	FDL_low 
	- 
	FDL_high
	[-50]
	[1]
	3

	
	Frequency range
	3400 
	- 
	3550
	-50
	1
	

	
	Frequency range
	3550
	-
	3575
	-40
	1
	

	
	Frequency range
	3575
	-
	3595
	-15.5
	5
	15

	
	Frequency range
	3595 
	- 
	3600
	+1.6
	5
	15

	NOTE 3:
To meet these requirements some restriction will be needed for either the operating band or protected band
NOTE 15:
These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.


3. Summary
Observation 1: Current limit of -50dBm for bands 42 & 43 makes it infeasible to design low cost UEs and holds back market adoption of these frequency bands.
Observation 2: For all other similar bands a transition region is defined with limits higher than -50dBm.
Proposal 1: Emissions limits for mutual co-existence of bands 42 and 43 shall be aligned with similar co-existence cases (bands 7 and 38 and bands 1 and 33/39) until RAN4 addresses thoroughly this coexistence case.
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