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1 Introduction

In previos RAN4 meeting #62bis [1] it was agreed that MSD method is selected as a way forward for intraband class A2 high-low with harmonic relation. Level of MSD and/or additional insertion loss is agreed in subsequent RAN4 meeting. This contribution discusses how the component specifications and PWB leakage affects to the MSD.
2 Discussion

2.1 UE architecture
We have assumed following architecture presented in Figure 1 for this study.
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Figure 1  UE architecture for band combination 17+4
Architecture is such that the diplexr is placed after the antenna enabling a support for multiple hi-low band combinations. One trap is placed between the low band switch and band 17 duplex filter this way the additional insertion loss coming from trap is only affecting the band 17 performance. Antenna tuner or any sort of swithing element relating to using antennas more intelligently is added to the architecture figure and how that affects to the situation is discussed later.

2.2 Analysis

When presenting the MSD calculations here we assume that the MSD test is such that band 17 UL allocation bandwidth will one third of band 4 DL as proposed in [2]. This way the band 17 UL third order harmonic bandwidth is same as band 4 DL signal and interference power spreads as evenly as possible into the DL signal.
We have calculated the MSD for two sets of component specification values i.e. typical and worst case values. Typical is what an expected performance of a most of the components is in normal operating conditions and worst case is what component manufacturer guarantees for a UE manufacturer that all components full fill ovet the specified temperature range.
First calculation is done without effect of antenna tuner/swithing and is presented in Table 1.

Table 1MSD without antenna tuner/swithing system
[image: image2.emf]Ch BW (MHz) 10

NF (dB) 9

RX noise floor (dBm) -95,5

Antenna Isolation (dB) 10,0

Harmonic level, typicalHarmonic level worst caseFundamental signal (dBm)

PA output (dBm) -34 -20 26

Duplexer attenuation (dB) -42 -30 3

Duplexer contribution (dBc) -93 -90

Duplexer output (dBm) -66,5 -49,8 23,0

Trap attenuation (dBm) -20 -20

Switch contribuiton (dBc) -109 -80

Switch output (dBm) -83,2 -56,8

Diplexer attenuation (dB) -20 -13

Tuner contribution (dBc) -999 -999

Main path typical Main path worst case Div path typical Div path worst case

Antenna port (dBm) -103,2 -69,8 -113,2 -79,8

PWB coupling (dB) -90 -103,2 -69,8 -112,9 -79,8

PWB coupling (dB) -75 -102,2 -69,8 -107,6 -79,7

PWB coupling (dB) -60 -93,5 -69,4 -93,9 -76,9

Typical Desense, mainWorst Case Desense, main Typical desense, div Worst case desense, div

No coupling 0,7 25,7 0,1 15,8

-90 0,7 25,7 0,1 15,8

-75 0,8 25,7 0,3 15,9

-60 4,1 26,1 3,8 18,6

PWB Coupling Total Desense (typ) Total Desense (WC)

Ideal 0,4 18,4

-80 0,4 18,4

-70 0,5 18,5

-60 4,0 20,9

Note: PWB coupling is from 

PA output to both main and 

diversity antenna ports


In a yellow box in Table 1 there are two sets of numbers. What is the band 4 MSD if we assume typical or worst case component specification, and what is the effect of PWB isolation between band 17 PA output and band 5 receiver input. As can be seen from numbers MSD is almost non-existent if typical component values are used and PWB isolation is 70 dB or more. If worst case component specifications are used then the MSD is 18.5 dB for PWB isolation of 70 dB or more. Real MSD will be most likely between these numbers.
Second set of calculations take into account the effect of antenna tuner/swithing and is presented in Table 2.

Table 2 MSD with antenna tuner/swithing system
[image: image3.emf]Ch BW (MHz) 10

NF (dB) 9

RX noise floor (dBm) -95,5

Antenna Isolation (dB) 10,0

Harmonic level, typicalHarmonic level worst caseFundamental signal (dBm)

PA output (dBm) -34 -20 26

Duplexer attenuation (dB) -42 -30 3

Duplexer contribution (dBc) -93 -90

Duplexer output (dBm) -66,5 -49,8 23,0

Trap attenuation (dBm) -20 -20

Switch contribuiton (dBc) -109 -80

Switch output (dBm) -83,2 -56,8

Diplexer attenuation (dB) -20 -13

Tuner contribution (dBc) -106 -106

Main path typical Main path worst case Div path typical Div path worst case

Antenna port (dBm) -83,0 -69,6 -93,0 -79,6

PWB coupling (dB) -90 -83,0 -69,6 -93,0 -79,6

PWB coupling (dB) -75 -82,9 -69,6 -92,9 -79,5

PWB coupling (dB) -60 -82,6 -69,2 -90,4 -76,8

Typical Desense, mainWorst Case Desense, main Typical desense, div Worst case desense, div

No coupling 12,7 25,9 4,4 16,0

-90 12,7 25,9 4,4 16,0

-75 12,7 25,9 4,5 16,1

-60 13,0 26,3 6,2 18,7

PWB Coupling Total Desense (typ) Total Desense (WC)

Ideal 6,8 18,6

-80 6,8 18,6

-70 6,9 18,7

-60 8,4 21,0

Note: PWB coupling is from 

PA output to both main and 

diversity antenna ports


As can be ssen from results the switch which is placed after the diplexer has a limiting affect to the achievable MSD as there are no more filtering for the harmonic signal generated in the tuner/switch. Now the MSD based for typical component specifications is 6.9 dB and based on worst case component specifications is 18.7 dB if PWB coupling is 70 dBc or less. Again real MSD will be most likely between these numbers.
Last calculation is done with antenna tuner/switch and assuming a component specifications which are between typical and worst case values. We have taken an average of typical and works case in dB scale. Results are presented in Table 3 together with typical component values.  MSD with these “mid point” component values is about 8 dB.
Table 3 MSD with component values between worst case and typical for 10 MHz signal.

[image: image4.emf]Ch BW (MHz) 10

NF (dB) 9

RX noise floor (dBm) -95,5

Antenna Isolation (dB) 10,0

Harmonic level, typicalHarmonic level worst caseFundamental signal (dBm)

PA output (dBm) -34 -23 26

Duplexer attenuation (dB) -42 -36 3

Duplexer contribution (dBc) -93 -91,5

Duplexer output (dBm) -66,5 -58,1 23,0

Trap attenuation (dBm) -20 -20

Switch contribuiton (dBc) -109 -95

Switch output (dBm) -83,2 -71,1

Diplexer attenuation (dB) -20 -17

Tuner contribution (dBc) -106 -106

Main path typical Main path worst case Div path typical Div path worst case

Antenna port (dBm) -83,0 -81,8 -93,0 -91,8

PWB coupling (dB) -90 -83,0 -81,8 -93,0 -91,8

PWB coupling (dB) -75 -82,9 -81,7 -92,9 -90,9

PWB coupling (dB) -60 -82,6 -79,4 -90,4 -82,5

Typical Desense, mainWorst Case Desense, main Typical desense, div Worst case desense, div

No coupling 12,7 13,8 4,4 5,2

-90 12,7 13,8 4,4 5,2

-75 12,7 13,9 4,5 5,9

-60 13,0 16,2 6,2 13,2

PWB Coupling Total Desense (typ) Total Desense (WC)

Ideal 6,8 7,7

-80 6,8 7,7

-70 6,9 8,3

-60 8,4 14,5

Note: PWB coupling is from 

PA output to both main and 

diversity antenna ports


MSD depends on Lte channel bandwidth used. In Table 4 we have calculated the MSD for 5 MHz LTE channel bandwidth. MSD is calculated for typical values and values between typical and worst case sililarly as for 10 MHz channel bandwidths in Table 3.
Table 4MSD with component values between worst case and typical for 5 MHz signal.
[image: image5.emf]Ch BW (MHz) 5

NF (dB) 9

RX noise floor (dBm) -98,5

Antenna Isolation (dB) 10,0

Harmonic level, typicalHarmonic level worst caseFundamental signal (dBm)

PA output (dBm) -34 -23 26

Duplexer attenuation (dB) -42 -36 3

Duplexer contribution (dBc) -93 -91,5

Duplexer output (dBm) -66,5 -58,1 23,0

Trap attenuation (dBm) -20 -20

Switch contribuiton (dBc) -109 -95

Switch output (dBm) -83,2 -71,1

Diplexer attenuation (dB) -20 -17

Tuner contribution (dBc) -106 -106

Main path typical Main path worst case Div path typical Div path worst case

Antenna port (dBm) -83,0 -81,8 -93,0 -91,8

PWB coupling (dB) -90 -83,0 -81,8 -93,0 -91,8

PWB coupling (dB) -75 -82,9 -81,7 -92,9 -90,9

PWB coupling (dB) -60 -82,6 -79,4 -90,4 -82,5

Typical Desense, mainWorst Case Desense, main Typical desense, div Worst case desense, div

No coupling 15,6 16,7 6,6 7,5

-90 15,6 16,7 6,6 7,5

-75 15,6 16,8 6,7 8,3

-60 15,9 19,2 8,7 16,1

PWB Coupling Total Desense (typ) Total Desense (WC)

Ideal 9,1 10,0

-80 9,1 10,0

-70 9,2 10,7

-60 10,9 17,4

Note: PWB coupling is from 

PA output to both main and 

diversity antenna ports


3 Conclusion

As can be seen from the calculations with typical component values the MSD will be fairly limited or almost non-existent but this will be the typical UE performance. The MSD requirement will be the minimum requirement and should allow some component variation. We are not proposing that we pile up worst case on top of worst case but we are not either proposing that MSD is based solely to the typical values. Second point is that we think that the MSD requirement should not be such that it precludes antenna tuner/swithing systems as these can be very attractive solutions when OTA performace is being improved.

Our proposal is that the MSD should be specified to be 8 dB for 10 MHz signal and 10 dB for 5 MHz signal in order not to preclude antenna tuner/swithing designs with MSD specification. Also this value would allow component spread not to affect yield too much. With this level of MSD the PWB leakage should be manageable as with typical component specifications and 60 dBc PWB leakage the MSD is about 8.4 dB for 10 MHz signal and 10.9 dB for 5 MHz signal.
MSD test should be specified to be such that band 17 UL allocation bandwidth will one third of band 4 DL as proposed in [2]. This way the band 17 UL third order harmonic bandwidth is same as band 4 DL signal and interference power spreads as evenly as possible into the DL signal. 

In addition to this MSD test CA_4A-17A configuration band 4 sensitivity is tested when UL is in band 4 and then UE needs to full fill normal REFSENS requirement. Band 17 REFSENS values can be specifies to be the same as for single carrier operation but band 17 maximum output power requirement should have some relaxation because of the trird harmonic trap introduced additional insertion loss to the band 17 harware.
As a last comment we want to remind that the MSD is statistical phenomenan which happens only sometimes when frequency and time and power relationshipes between bands 17 and band 4 are correct. The likelihood of MSD can be also mitigetd in real deployment with smart scheduling.
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