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1. Introduction
Way forward R4-1610999 [1] in last meeting agreed that B2 + B46 UL CA case will be used as an example of potential licensed band de-sense based on our contribution R4-1609920, which exposed a number of such issues. This contribution provides a detailed B2 MSD analysis of this B2 + B46 UL CA case for both spurious harmonic response and IMD issues.
2. Discussion
In last meeting, based on our contribution [2], it was agreed [1] that the B2 + B46 case will be used as an example covering potential MSD issues related to licensed band spurious harmonic receiver response and 2 UL IMD3 product falling in B2 receive band. We recommend referring to our previous contribution [2] to check for other possible cases.
2.1. B2 and B46 2UL CA Issues
As already shown briefly in [2], B2 and B46 eLAA UL CA is a good example of band combination to illustrate potential eLAA CA issues. The table below shows the detailed frequency analysis.

Table 1: Harmonic and IMD frequency analysis for B2 + B46 2UL CA
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DL frequency (MHz) fx_low 1930-1990 fx_high fy_low 5150-5925 fy_high
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 harmonics (MHz) 

2*fx_low 3860-3980 2*fx_high 2* fy_low10300-118502* fy_high

3

rd

 harmonics (MHz)

3*fx_low 5790-5970 3*fx_high 3* fy_low15450-177753* fy_high
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 harmonics (MHz)

4*fx_low 7720-7960 4*fx_high 4* fy_low20600-237004* fy_high

5

th

 harmonics (MHz)

5*fx_low 9650-9950 5*fx_high 5* fy_low25750-296255* fy_high

UL frequency (MHz) fx_low 1850-1910 fx_high fy_low 5150-5925 fy_high

2

nd

 harmonics (MHz) 

2*fx_low 3700-3820 2*fx_high 2* fy_low10300-118502* fy_high

3

rd

 harmonics (MHz)

3*fx_low 5550-5730 3*fx_high 3* fy_low15450-177753* fy_high

4

th

 harmonics (MHz)

4*fx_low 7400-7640 4*fx_high 4* fy_low20600-237004* fy_high

5

th

 harmonics (MHz)

5*fx_low 9250-9550 5*fx_high 5* fy_low25750-296255* fy_high

IMD2 products (MHz) |fy_low – fx_high| 3240-4075 |fy_high – fx_low| |fy_low + fx_low| 7000-7835 |fy_high + fx_high|

|2*fx_low – fy_high| 2225-1330 |2*fx_high – fy_low| |2*fy_low – fx_high| 8390-10000|2*fy_high – fx_low|

|2*fx_low + fy_low| 8850-9745 |2*fx_high + fy_high| |2*fy_low + fx_low|12150-13760|2*fy_high + fx_high|

(fx_low – max BW fy) 1830-1930 (fx_high + max BW fy) (fy_low – max BW fx) 5130-5945 (fy_high + max BW fx)

|3*fx_low –1* fy_high| 375-580 |3*fx_high – 1*fy_low| |3*fy_low – 1*fx_high|13540-15925|3*fy_high – 1*fx_low|

|2*fx_low –2* fy_high| 8150-6480 |2*fx_high –2* fy_low| |2*fx_low +2* fy_low|14000-15670|2*fx_high +2* fy_high|

|3*fx_low +1* fy_low|10700-11655|3*fx_high + 1*fy_high| |3*fy_low + 1*fx_low|17300-19685|3*fy_high + 1*fx_high|

|fx_low – 4*fy_high|21850-18690|fx_high – 4*fy_low| |fy_low – 4*fx_high| 2490-1475 |fy_high – 4*fx_low|

|2*fx_low - 3*fy_high|14075-11630|2*fx_high - 3*fy_low| |2*fy_low - 3*fx_high| 4570-6300 |2*fy_high -3*fx_low|

|fx_low + 4*fy_low|22450-25610|fx_high + 4*fy_high| |fy_low + 4*fx_low|12550-13565|fy_high + 4*fx_high|

|2*fx_low + 3*fy_low|19150-21595|2*fx_high + 3*fy_high| |2*fy_low + 3*fx_low|15850-17580|2*fy_high + 3*fx_high|
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2 FDD


Observation 1:
· Band 2 receiver has 3rd harmonic spurious response in band 46

· Band 2 TX and Band 46 TX have a IMD3 product in Band 2 RX

· Band 2 TX and Band 46 TX have a IMD5 product in Band 2 RX

2.2. B2+B46 Architecture Assumptions
As already agreed for LAA licensed band TX harmonic falling in band 46 issue, the main architecture assumption is that band 46 and licensed band below 2.7GHz use a separate antenna as shown in Figure 1. In that case, main and diversity antennas receive the same amount of band 46 TX signal leakage.
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Figure 1: Band 2 and band 46 block diagram for the assumed separate antenna architecture
Some of the key numbers from this architecture are as follows:

· Antenna isolation: 15dB B46 to B2 main and diversity, 10dB for B2 main to B2 diversity
· Diplexer/Triplexer attenuation at B46 frequency: >30dB (see Figure 2)

· Band 2 duplexer and diversity filter attenuation at B46 frequency: >40dB (see Figure 3)

· LNA attenuation at B46 frequency: >20dB (see Figure 4)

· B46 PA to B2 LNAs/mixer PCB isolation for discrete implementation: >65dB
· B46 post PA losses: 4dB

· B2 Post PA losses: 4dB

· B2 pre LNA losses: 4dB for main, 3dB for diversity
· B2 duplexer TX-RX isolation: 55dB, B2 diversity RX filter TX attenuation: 40dB
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Figure 2: LB/MHB diplexer (left) and LB/MB/HB triplexer plots showing minimum of 30dB attenuation of B46 (red curves)
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Figure 3: Band 2 duplexer RX side (left) and diversity filter (right) wideband plot: >40dB att.

[image: image7.png]dB(S(2,1))

25

20—

15—

10—

T T
30 35

freq, GHz

T
40

T
45

T
50

T
55

6.0




Figure 4: Band 2 LNA gain: >20dB att.

Table 2 recapitulates the achieved band 46 attenuation at different positions of the band 2 receive chain for the discrete implementation case and the integrated module case.
Table 2: achieved band 46 attenuation across the band 2 receive path
	B46 TX signal attenuation
	B46 PA -> B2 switch
	B46 PA -> B2 LNA in
	B46 PA -> B2 LNA out

	Discrete solution
	49dB
	65dB
	65dB

	Module solution
	49dB
	89dB
	109dB


In any case, the signal reaching the band 2 LNA is at least 15dB below its own band 2 TX signal, thus cross-compression or cross-modulation in the LNA is not a concern.
Observation 2: 
· In the most optimized solution in excess of 100dB attenuation of band 46 TX signal is achieved before the receive mixer; in the case of discrete solution it is limited to the available PCB isolation.
· LNA cross-compression or cross-modulation due to band 46 TX signal can be ignored.
2.3. B2+B46 Spurious Harmonic Response Analysis

Band 2 receiver has a potential harmonic 3 spurious response for the 5790Mz to 5925MHz range of band 46. Considering a quasi-square LO signal the receive mixer will down convert signals present at its LO 3rd harmonic with only 10dB lower gain than for the wanted signal (9.54dB for a square wave).

Considering the attenuations from above and a band 46 TX 20MHz signal at 26dBm at the PA output, the leakage signal reaching the mixer is:

· -83dBm antenna equivalent for the integrated module case

· -39dBm antenna equivalent for the discrete case

If a band 2 20MHz channel is received (worst case) at the sensitivity level of -92dBm, it will correspond to an equivalent input noise in 20MHz of -88dBm per path. In order to achieve a negligible MSD of 0.2dB the antenna equivalent down-converted band 46 signal should be less than -101dBm.
Taking into account the H3 LO down-conversion attenuation of 10dB, the remaining selectivity to be provided by or before the mixer is:

· -83-10+101=8dB for the integrated module case, which is easily achieved.
· -39-10+101=52dB for the discrete case, which is clearly not achievable.
In the discrete case, assuming that 25dB selectivity is achieved in the LNA/Mixer combination, the corresponding antenna equivalent band 46 down-converted signal is -74dBm and results in 14dB MSD.
Addition of a harmonic trap filter between the LNA and the mixer may achieve another 15dB of band 46 attenuation, would result in 2.5dB MSD and would not deteriorate Band 2 RX insertion losses.
Since the band 46 UL is TDD, the interference is not present all the time and the band 2 MSD could be corrected with duty cycle. On the other end the LBT nature of the eLAA transmission comes with higher probability of high transmit power so the duty cycle effect could be ignored.
Observation 3: 
· In the integrated module case, there is no MSD provided that the receive mixer has an easily achievable 8dB band 46 attenuation.
· In the discrete case, even accounting for 25dB LNA/Mixer selectivity at band 46, up to 14dB MSD must be accounted for.
· Same MSD value is valid for common antenna since scenario is limited by PCB isolation.
· Harmonic trap can be added between LNA and mixer without RX insertion loss degradation.
2.4. B2+B46 IMD3 and IMD5 Analysis
The table below recapitulates the IMD3 and IMD5 calculation for the B2 and B46 2UL eLAA CA. It is to be noted that LNA IP3 considers an out of band IP3 value, since the band 46 Signal is far away from its band of operation and is further attenuated before reaching the LNA transistor input.

Table 3: IMD3 and IMD5 MSD calculations for separate antenna (left) and common antenna (right)
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Observation 4: Thanks to the significant attenuation of the band 46 TX signal before reaching the band 2 receive paths there is no MSD to be accounted for both separate and common antenna cases.
2.5. Resulting MSD

Only MSD resulting from spurious harmonic receive must be considered for the discrete implementation case,
Proposal:

· No MSD is found for IMD3 and IMD5 cases.
· MSD level for 3rd harmonic spurious response is 14dB for discrete solution for both common and separate antenna cases (PCB isolation limited).
· Harmonic trap can be implemented between LNA and mixer without increased RX insertion loss and result in 2.5dB MSD.
3. Conclusion
This contribution provides analysis for B2 and B46 eLAA 2UL CA and makes the following proposal.
Proposal:

· No MSD is found for IMD3 and IMD5 cases.
· MSD level for 3rd harmonic spurious response is 14dB for discrete solution for both common and separate antenna cases (PCB isolation limited).

· Harmonic trap can be implemented between LNA and mixer without increased RX insertion loss and result in 2.5dB MSD.
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