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1 Background
One of the common aspects for all uplink aggregation classes A1-A5 is the spurious emissions and protection of other operating bands. Are the ITU-R spurious emissions limits and the -50 dBm/MHz limit for band coexistence problems when uplink carrier aggregation is configured?
In this contribution we look at two types of combinations as examples: the Band 4 + Band 17 representing class A2 and the Band 3 + Band 7 representing class A3. It turns out that the -50 dBm/MHz limit can be a problem for some combinations so we end with a proposed way for specifying the spurious emissions for band coexistence for uplink carrier aggregation.
2 Intermodulation products for a Class A2 combination

We pick the CA band CA_17-4 as an example of an A2 combination. The inter-modulation products will not fall in the receive bands (like for A4). The harmonics problem still remains, however, but is not a particular problem here. We consider two types of architectures for this combination: 

1. one with a common antenna for the low and high band PA(s) combined by a diplexer in the main transceiver branch, 

2. another using the diversity antenna for the high band PA; thus with the uplinks connected to separate antennas.

The sources of intermodulation products considered are

· the PA Band 4;
· the high-band (HB) switch (SW);

· the PA Band 17;

· and the low-band (LB) switch.

The architecture with a single antenna is displayed in Figure 1, the two-antenna architecture in Figure 2.

[image: image1]
Figure 1: common antenna for the low- and high-band PA(s).

[image: image2]
Figure 2: architecture with the low- and high-band PA(s) at separate antennas.
We consider the second- and third order intermodulation products for the two architectures using the following data for the filter and diplexer performance:
Table 1: Band 4 TX filter

	Signal
	Fmin   [MHz]
	Fmax
[MHz]
	B4 TX attenation [dB]

	TX band 17
	704
	716
	30

	TX band 4
	1710
	1755
	4

	B4+B17
	2414
	2471
	36

	B4-B17
	994
	1051
	25

	2B4+B17
	4124
	4226
	25

	2B4-B17
	2704
	2806
	25

	B4+2B17
	3118
	3187
	25

	B4-2B17
	278
	347
	25


Table 2: Band 17 TX filter
	Signal
	Fmin
[MHz]
	Fmax
[MHz]
	B17 TX attenuation [dB]

	TX band 17
	704
	716
	4

	TX band 4
	1710
	1755
	30

	B4+B17
	2414
	2471
	25

	B4-B17
	994
	1051
	20

	2B4+B17
	4124
	4226
	25

	2B4-B17
	2704
	2806
	25

	B4+2B17
	3118
	3187
	25

	B4-2B17
	278
	347
	25


Table 3: Diplexer attenuation
	Signal
	Fmin [MHz]
	Fmax     [MHz]
	Antenna – HB attenuation [dB]
	Antenna – LB attenuation [dB]

	TX band 17
	704
	716
	20
	0.5

	TX band 4
	1710
	1755
	0.5
	20

	B4+B17
	2414
	2471
	0.5
	20

	B4-B17
	994
	1051
	0.5
	0.5

	2B4+B17
	4124
	4226
	0.5
	20

	2B4-B17
	2704
	2806
	0.5
	20

	B4+2B17
	3118
	3187
	0.5
	20

	B4-2B17
	278
	347
	20
	0.5


The front-end isolation from Band 4 to Band 17 and from Band 17 to Band 4 is 45 dB, while the diplexer low-band to high-band isolation is always 20 dB. For the switch, we have IP2 = 80 dBm and IP3 = 35 dBm for the relevant frequency combinations of the intermodulation products.

For the two-antenna architecture, we assume the same diplexer performance on both branches (Table 3) and the isolation between the main and diversity antennas is assumed to be 10 dB. 
The worst-case results (intermodulation products) are shown in Figure 3 and Figure 4 for a 5 + 5 MHz bandwidth combination and 20 dBm output powers in Band 17 and Band 4 measured at the antenna port(s), respectively. The emission level is measured at the antenna port and the frequency range is that into which the IM product can fall.
[image: image3.emf]
Figure 3: IM3 response in 2704-2806 MHz (2B4-B17).
[image: image4.emf]
Figure 4: IM2 response in 994-1051 MHz (B4-B17).

The analysis indicate that the ITU-R spurious emission limits as well as the standard -50 dBm/MHz limit is always met for this combination. However, this is not the case for other combinations as we shall see next.

3 Intermodulation products for a Class A3 combination

Now we consider the CA band CA_3-7 as an example of an A3 combination. The inter-modulation products will not fall in the receive bands (like for A4), but the -50 dBm/MHz spurious emissions limit for band coexistence is exceeded. The filter data is based on provisional filter simulations for an FBAR filter. 

We consider two types of architectures: 

1. one with a quadplexer connected to the antenna switch 

2. another with an antenna diplexer and the quadplexer connected to the HB antenna switch.
The architecture without diplexer is shown in Figure 5 and that with an antenna diplexer in Figure 6.


[image: image5]
Figure 5: architecture with a quadplexer connected to an antenna switch.

[image: image6]
Figure 6: architecture with an antenna diplexer.

We consider the second- and third order intermodulation products for the two architectures using the following data for the filter and diplexer performance:
Table 4: Band 3 TX filter
	Signal
	Fmin         [MHz]
	Fmax    [MHz]
	B3 TX attenuation  [dB]

	TX band 3
	1710
	1785
	3

	TX band 7
	2500
	2570
	50

	B7+B3
	4210
	4355
	20

	B7-B3
	715
	860
	55

	2B7+B3
	6710
	6925
	10

	2B7-B3
	3215
	3430
	40

	B7+2B3
	5920
	6140
	10

	2B3-B7
	850
	1070
	55


Table 5: Band 7 TX filter
	Signal
	Fmin         [MHz]
	Fmax    [MHz]
	B7 TX attenuation [dB]

	TX band 3
	1710
	1785
	45

	TX band 7
	2500
	2570
	3

	B7+B3
	4210
	4355
	40

	B7-B3
	715
	860
	55

	2B7+B3
	6710
	6925
	40

	2B7-B3
	3215
	3430
	45

	B7+2B3
	5920
	6140
	40

	2B3-B7
	850
	1070
	55


Table 6: Diplexer attenuation
	Signal
	Fmin   [MHz]
	Fmax [MHz]
	HB-Main_att [dB]
	LB-Main_att [dB]
	HB-LB isolation [dB]

	TX band 3
	1710
	1785
	0.5
	20
	20

	TX band 7
	2500
	2570
	0.5
	20
	20

	B7+B3
	4210
	4355
	0.5
	20
	20

	B7-B3
	715
	860
	10
	0.5
	20

	2B7+B3
	6710
	6925
	0.5
	20
	20

	2B7-B3
	3215
	3430
	0.5
	20
	20

	B7+2B3
	5920
	6140
	0.5
	20
	20

	2B3-B7
	850
	1070
	10
	0.5
	20


The front-end isolation from Band 3 to Band 7 and from Band 7 to Band 3 is 45 dB, while the diplexer low-band to high-band isolation is always 20 dB. For the switch, we now consider two different levels: IP2 = 80/90 dBm and IP3 = 35/45 dBm for relevant frequency combinations of the intermodulation products.

The worst-case results (intermodulation products) are shown in Figure 7 and Figure 8 for a 5 + 5 MHz bandwidth combination and 20 dBm output powers in Band 3 and Band 7 measured at the antenna port(s), respectively. Figure 7 displays IM3 products (at the antenna port) falling into 850-1070 MHz that overlaps with e.g. Band 5, Band 8 and Band 20. The blue line indicates the results without a switch, and the green curve the results with a diplexer (see Figure 6). The front-end linearity needs to be improved in order to meet the -50 dBm/MHz limit, but the ITU-R spurious emission limit is always met.  
[image: image7.emf]
Figure 7: IM3 response in 850-1070 MHz (2B3-B7).
Figure 8 shows the IM2 response (same legends) that overlaps with Band 28 and Band 20. Again, front-end linearity needs to be improved in order to meet the -50 dBm/MHz limit.  

[image: image8.emf]
Figure 8: IM2 response in 715-860 MHz (B7-B3).
4 How to specify spurious emissions in the band coexistence table?

Spurious emission due to intermodulation products generated by uplink carrier aggregation is a common issue for all combinations A1-A5. The simulations above show that the standard -50 dBm/MHz limit for band coexistence may be a problem for some band combinations. All combinations should be investigated, but some general rule is needed.

Considering spurious emissions requirements for band coexistence, exceptions from the standard requirements (any RAT) are allowed if a low-order harmonic product falls within the measurement bandwidth (Note 2 in Table 6.6.3.2-1 for E-UTRA non-CA operation). These exceptions will presumably also be allowed if two uplinks are active simultaneously for CA. 

In a similar way, exceptions for uplink inter-band CA can be allowed for low-order inter-modulation products falling within the measurement bandwidth. This could be captured by a note in a separate spurious emissions table for uplink CA, or by modifying the existing table appropriately, for example: 
6.6.3.2A
Spurious emission band UE co-existence for CA

This clause specifies the requirements for the specified carrier aggregation configurations for coexistence with protected bands
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. 

Table 6.6.3.2A-1: Requirements

	E-UTRA  CA Configuration
	Spurious emission 

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

	CA_1C
	E-UTRA Band 1, 3, 7, 8, 9, 11, 18, 19, 20, 21, 22, 38, 40, 41, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA band 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	4,6,7

	
	Frequency range
	1900
	
	1915
	-15.5
	5
	6,10,12

	
	Frequency range
	1915
	
	1920
	+1.6
	5
	6,7,10, 12

	
	Frequency range
	1880
	
	1895
	-40
	1
	7,10

	
	Frequency range
	1895
	
	1915
	-15.5
	5
	7,10

	
	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	4, 5

	CA_7C
	E-UTRA Band 1, 3, 7, 8, 20, 22, 33, 34, 42, 43
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	2570
	-
	2575
	+1.6
	5
	12

	
	Frequency range
	2575
	-
	2595
	-15.5
	5
	8, 12

	
	Frequency range
	2595
	-
	2620
	-40
	1
	8

	CA_38C
	E-UTRA Band 1,3, 8, 20, 22, 33, 34, 42, 43
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	2620
	-
	2645
	-15.5
	5
	9, 10, 11, 12

	
	Frequency range
	2645
	-
	2690
	-40
	1
	9, 10,11

	CA_40C
	E-UTRA Band 1, 3, 33, 34, 39, 41, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	CA_41C
	E-UTRA Band 1, 2, 3, 4, 5, 8, 10, 12, 13 , 14, 17, 23, 24, 25, 26, 34, 39, 40, 42, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd or 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RE within the transmission bandwidth (see Figure 5.6-1) for which the 2nd or 3rd harmonic, i.e. the frequency equal to two or three times the frequency of that RE, is within the measurement bandwidth (MBW).

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

NOTE 4:
Applicable when CA_NS_01 in subclause 6.6.3.3A.1 is signalled by the network.
NOTE 5:
Applicable when co-existence with PHS system operating in 1884.5 -1915.7MHz.

NOTE 6:
Applicable when CA_NS_02 in subclause 6.6.3.3A.2 is signalled by the network.
NOTE 7:
Applicable when CA_NS_03 in subclause 6.6.3.3A.3 is signalled by the network.

NOTE 8:
Applicable when CA_NS_06 in section 6.6.3.3A.3 is signalled by the network.

NOTE 9:
Applicable when CA_NS_05 in section 6.6.3.3A.3 is signalled by the network.
NOTE 10:
The requirement also applies 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.
NOTE 11:
This requirement is applicable for carriers with bandwidths confined in 2570-2615 MHz. For assigned carriers with bandwidths overlapping the frequency range 2615-2620 MHz the requirements apply with the maximum output power configured to +20 dBm in the IE P-Max.

NOTE 12:
For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.


The requirements for uplink carrier aggregation are specified in Table 6.6.3.2A-2.
Table 6.6.3.2A-2: Requirements for uplink inter-band carrier aggregation
	EUTRA CA configuration
	Spurious emission 

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

	CA_1A-7A
	E-UTRA Band 1, 7, 8, 11, 18, 19, 20, 21, 22, 26, 27, 28, 38, 40, 42, 43, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	Frequency range
	1880
	
	1895
	-40
	1
	15,27

	
	Frequency range
	1895
	
	1915
	-15.5
	5
	15,27

	
	Frequency range
	1915
	
	1920
	+1.6
	5
	15,27

	
	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	6, 8, 15

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	15

	
	etc.
	
	
	
	
	
	

	CA_2A-4A
	E-UTRA Band 4, 5, 10, 12, 13, 14, 17, 22, 23, 24, 26, 27, 28, 29, 41, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2, 25
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	etc
	E-UTRA Band 1, 7, 8, 20, 26, 27, 28, 33, 34, 38, 43, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 11, 18, 19, 21
	FDL_low 
	- 
	FDL_high
	-50
	1
	13

	
	E-UTRA Band 22, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	13

	…
	
	
	
	
	
	
	

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1
For harmonics (still a problem for 2 UL):
NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd, 3rd, 4th [or 5th] harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 2nd, 3rd or 4th harmonic totally or partially overlaps the measurement bandwidth (MBW).
Similar for intermodulation due to transmissions within the uplink bands (not other signals):
NOTE2A:
As exceptions, measurements with a level up to TBD are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd,3rd, 4th intermodulation products due to transmissions within the E-UTRA carriers assigned. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which these 2nd,3rd, intermodulation overlap the measurement bandwidth (MBW).
NOTE 3:
To meet these requirements some restriction will be needed for either the operating band or protected band

NOTE 4:
N/A




Note 2 addresses the harmonics products that will also be generated for uplink carrier aggregation, albeit at a reduced level since the output power may be lower per band. This is similar to non-CA operation. Note 3 addresses the intermodulation products, and exception could be allowed up to a specified level (TBD in Note 3 above). This should be the same level for all CA configurations to avoid specification complexity, the results above indicate that it could be tighter than the standard ITU-R spurious emissions level of -30 dBm/MHz. 
The bands to be protected for a certain band combination will be those for which requirements exist for the two constituent bands. Hence, for the CA_4-17, the bands in North America should be offered protection.
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