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1		Introduction 
In RAN4#74bis, companies presented their impact analysis on RF and RRM requirements due to HSPA dual band uplink carrier aggregation. The key open item[3] was whether to use two full power PAs or define a new maximum output power limit across both carriers. Some additional RF analysis is required when two full power PAs are enabled (for this HSPA WI, we cannot leverage most of the RF analysis from LTE inter-band uplink CA work since LTE decided to back-off the Tx power of each chain by 3dB). This paper presents the impact of using two PAs at full power on the requirement for spurious response into protected bands.
[bookmark: _GoBack]A DB-DC-HSUPA capable UE has two active transmit signals one in each band. The unintentional interaction of these signal could cause spurious emissions. The purpose of this study is to determine the feasibility of a DB-DC-HSUPA UE to meet the Spurious Emission requirements specified in 3GPP TS 25.101, Section 6.6.3 [1]. 
The dominate source of spurious energy is due to intermodulation in the Power Amplifier. Both the intended and unintended signal are present at the Power Amplifier’s input. The unintended signal is present due to the unwanted but inherent coupling between transmitter circuitry, as shown in the figure below. The curved lines from one PA output to the other PA input is the coupling in the circuitry.
[image: ]
Figure 1  Intentional & Unintentional Signal Paths, & IM Product.
2	UE Transmitter Requirements Impact Assessment  
2.1       Spurious Emission Requirements
The HSPA DB UL CA Rel-13 work item addresses 3 band combination configurations. Configuration 1 is B1+B8, Configuration 2 is B1+B5 and Configuration 3 is B2+B5. All three configurations are addressed in this paper. The IM order falling into ‘protected bands’ was first calculated. 
IM level vs Order was measured using UE Power Amplifiers from four different manufacturers at 25dBm output for the intended signal, and the unintended signal set at the maximum coupling level. The levels were adjusted to 29dBm output using the trend established by IM Level vs Output Power from devices from two manufacturers. The resulting IM Level vs IM Order model is shown in the figure below.
[image: ]
Figure 2  IM Level vs IM Order at the Power Amplifier Output.
The IM level at the Antenna connector was calculated by taking the IM level at the PA output and subtracting the front end losses, including the Duplexer and Diplexer rejection at the IM frequency based on the DB-DC-HSUPA Reference Architecture [2]. The rejection values used are based on minimum rejection specifications, not actual performance. The results for the three DB-DC-HSUPA configurations are shown in the tables below;
[image: ]
Table 1  Configuration 1, Band 1 / Band 8

[image: ]
Table 2  Configuration 2, Band 2 / Band 5

[image: ]
Table 3  Configuration 3, Band 1 / Band 5
The analysis above shows two violations of the requirement specified in [1]. The IM4 spurious emission due to configuration 1 lands in the 791-821MHz band and violates the specification requirement [1] by 0.4dB. The IM3 spurious emission due to configuration 3 lands in the 3510-3590MHz band and violates the specification requirement [1] by 4.9dB. But checking the actual filter performance from different vendors shows that there is sufficient additional filter rejection margin available which will enable the DB UL CA UE to meet the specification requirement[1] and thus no requirements relaxation will be required.  
Proposal 1: For DB UL CA, no additional spurious emission requirements relaxation will be necessary.
For DB-DC-HSUPA, the spurious emission in the both TX bands don’t apply, since carriers exist there. 
Proposal 2: For DB UL CA, note that no spurious emission requirements occur in the intended bands. 

3	Conclusion
This paper has provided an UE Spurious Emissions requirements impact analysis due to the introduction of HSPA DB UL CA and make the following observations and proposals:
Proposal 1: For DB UL CA, no additional spurious emission requirements relaxation will be necessary.
Proposal 2: For DB UL CA, note that no spurious emission requirements occur in the intended bands. 
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Conf_1, B1 & B8

Spurious Emission 

Frequency

(MHz)

Measurement 

Bandwidth 

(MHz)

Minimum 

Requiement

(dBm)

IM order

B1 OOBE Margin  

@ Antenna

(dB)

B8 OOBE Margin 

@ Antenna

(dB)

1.000 -50 10 109.5 84.5

1.000 -50 7 75.0 50.0

1.000 -50 9 98.0 73.0

1.000 -50 7 75.0 50.0

1.000 -50 4 40.5 15.5

791 - 821 3.840 -60 4 24.6 -0.4

3.840 -60 8 55.6 57.6

3.840 -60 8 55.6 57.6

3.840 -60 7 48.1 61.1

3.840 -60 4 13.6 26.6

1.000 -50 9 79.0 113.0

1.000 -50 6 44.5 78.5

1.000 -50 10 90.5 124.5

1.000 -50 6 28.5 58.5

1.000 -50 10 74.5 104.5

3.840 -60 7 41.1 54.1

3.840 -60 9 64.1 77.1

1.000 -50 10 84.5 104.5

1.000 -50 7 50.0 70.0

1.000 -50 3 4.0 24.0

1.000 -50 9 73.0 93.0

2570 - 2690

3510 - 3590

3400 - 3800

462.5 - 467.5

703 - 803

1452 - 1510.9

2496 - 2570

2110 - 2170

(Band 1 RX)
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Conf_2, B2 & B5

Spurious Emission 

Frequency

(MHz)

Measurement 

Bandwidth 

(MHz)

Minimum 

Requiement

(dBm)

IM order

B2 OOBE Margin  

@ Antenna

(dB)

B5 OOBE Margin 

@ Antenna

(dB)

1.000 -50 7 75.0 64.0

1.000 -50 6 63.5 52.5

1.000 -50 9 98.0 87.0

717 - 728 1.000 -50 9 98.0 78.0

729 - 746 3.840 -60 9 96.1 71.1

746 - 758 3.840 -60 9 96.1 71.1

758 - 768 3.840 -60 9 96.1 71.1

768 - 803 1.000 -50 9 113.0 73.0

1.000 -50 5 49.0 42.0

1.000 -50 8 83.5 76.5

1930 - 1995

(Band 2 RX)

3.840 -60 9

71.1 101.1

3.840 -60 9 71.1 101.1

3.840 -60 4 13.6 43.6

3.840 -60 7 48.1 78.1

1.000 -50 9 85.0 103.0

1.000 -50 7 62.0 80.0

1.000 -50 6 53.5 68.5

1.000 -50 7 65.0 80.0

1.000 -50 10 99.5 114.5

1.000 -50 2 24.5 34.5

1.000 -50 10 99.5 109.5

3.840 -60 3 3.1 13.1

3.840 -60 9 72.1 82.1

1.000 -50 3 19.0 29.0

1.000 -50 9 88.0 98.0

3400 - 3800

2350 - 2360

462.5 - 467.5

3510 - 3590

1525 - 1559

2110 - 2170

2180 - 2200

2496 - 2690
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Conf_3, B1 & B5

Spurious Emission 

Frequency

(MHz)

Measurement 

Bandwidth 

(MHz)

Minimum 

Requiement

(dBm)

IM order

B1 OOBE Margin  

@ Antenna

(dB)

B5 OOBE Margin 

@ Antenna

(dB)

462.5 - 467.5 1.000 -50 6 63.5 52.5

703 - 803 1.000 -50 9 98.0 73.0

729 - 768 3.840 -60 9 82.1 62.1

791 - 821 3.840 -60 9 82.1 27.1

852 - 859 1.000 -50 9 98.0 43.0

859 - 894

(Band 5 RX)

3.840 -60 9

82.1 71.1

921 - 925 0.100 -60 9 98.0 83.0

925 - 935 0.100 -67 9 91.0 76.0

935 - 960 0.100 -79 9 79.0 64.0

1.000 -60 5 27.0 35.0

1.000 -60 5 27.0 35.0

1525 - 1559 1.000 -50 8 71.5 79.5

0.100 -71 9 57.0 94.0

0.100 -71 8 45.5 82.5

1839.9 - 1879.9 3.840 -60 9 52.1 89.1

1884.5 - 1915.7 0.300 -41 9 77.2 117.2

3.840 -60 9 27.1 101.1

3.840 -60 1 n/a 37.6

3.840 -60 6 36.6 66.6

3.840 -60 4 13.6 43.6

1.000 -50 6 53.5 68.5

1.000 -50 4 30.5 45.5

2496 - 2690 1.000 -50 7 40.0 76.0

3.840 -60 10 58.6 94.6

3.840 -60 7 24.1 60.1

3.840 -60 10 58.6 94.6

3.840 -60 3 -4.9 12.1

3.840 -60 9 64.1 81.1

1.000 -50 8 61.5 83.5

1.000 -50 3 4.0 26.0

1.000 -50 6 38.5 60.5

1.000 -50 9 73.0 95.0

3400 - 3800

1930 - 1995

Band 1 TX

2110 - 2170

2180 - 2200

1452 - 1510.9

1805 - 1880

2570 - 2690

3510 - 3590


