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1 Summary
As demonstrated in [1], PA regrowth can cause de-sense of the receiver (self-interference) besides ACLR and out of band emissions non-compliance. For such reasons bandwidth occupancy is limited as per the TS 36.101 v8.1.0bis [3]. Please refer to Table 7.3.1-2: Maximum uplink configuration for reference sensitivity. 
This contribution shows that limiting the number of RBs for a given bandwidth is not equivalent to reducing the bandwidth allowed. This is demonstrated in this contribution by simulating the transmission of a subset of the RB allowance at the edge of the band. The power amplifier nonlinearity mixes the transmitted signal with the IQ imbalance image creating products that can land at the receiver offset or in controlled bands. Note that mitigating this problem through power reduction is limited—refer to Table 6.2.3-1: Maximum Power Reduction (MPR) for PC 3 and Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR) / Spectrum Emission requirements in [3].  Furthermore the PUCCH RBs are allocated at the edge of the band and are transmitted at max power so the single RB scenario presented here is realistic and cannot be avoided by the scheduler. 
2 Analysis

Assumptions: 

a) 20 MHz channel bandwidth with 1, 25, or 100 UL RBs used

b) 16 QAM modulation though results are very similar for QPSK modulation
c) Three PA models of well known companies
i. Models extracted in our lab

ii. Some Post-PA front end loss included

iii. 23 dBm conducted

iv. 4:1 VSWR assumed

v. 3 VSWR angles used

d) IQ imbalance of a little more than  -35 dBc (as per the figure captions)
i. Compare to an imbalance specification of -28 dBc in [2]

ii. Imbalance is not frequency sensitive, i.e., it is not due to I/Q baseband filter asymmetry.
e) All RBs are transmitted starting from worst channel edge , that is, at ~9 MHz offset from the centre of the band as this is allowed in [3]

f) Duplex filter attenuation is not considered; though the reader may make an assumption of a minimum attenuation of 49 dB over temperature to estimate desense performance from the plots given. 

g) The simulations present out of band results affecting desense (self-interference) and spurious performance.

h) Anti-image analog baseband filter
i. Noise added to reflect implementation effects.

ii. Fourth order Butterworth design

iii. 3 dB corner at 12 MHz
i) Minor mixer non-linearity also added but has little effect.

j) Realistic RF PLL phase noise included 
k) Power Class 3 with a 23 dBm maximum, sims are run at approximately 23 dBm out put power at the antenna.
3 Simulation Results

[image: image1]
Figure 1 –PA#1, 4:1 VSWR angle #1, full occupancy, 25 and single RB cases in a 20 MHz channel.
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Figure 2 –PA#1, 4:1 VSWR angle #2, full occupancy, 25 and single RB cases in a 20 MHz channel.
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Figure 3 –PA#1, 4:1 VSWR angle #3, full occupancy, 25 and single RB cases in a 20 MHz channel.
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Figure 4 –PA#2, 4:1 VSWR angle #1, full occupancy, 25 and single RB cases in a 20 MHz channel.
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Figure 5 –PA#2, 4:1 VSWR angle #2, full occupancy, 25 and single RB cases in a 20 MHz channel.

[image: image6.emf]-100 -50 0 50 100

-140

-130

-120

-110

-100

-90

-80

-70

-60

-50

Frequency(MHz)

d

B

m

/

H

z

SpectralDensityfor23.586dBm

-50 -40 -30 -20 -10 0 10 20 30 40

-140

-130

-120

-110

-100

-90

-80

-70

-60

-50

-40

X:-6.375

Y:-42.64

Frequency(MHz)

d

B

m

/

H

z

SpectralDensityfor23.4715dBm

X:6.675

Y:-78.78

X:-20.32

Y:-95.33

-50 -40 -30 -20 -10 0 10 20 30 40 50

-140

-120

-100

-80

-60

-40

X:-8.925

Y:-29.67

Frequency(MHz)

d

B

m

/

H

z

SpectralDensityfor23.2581dBm

X:8.925

Y:-66.28

X:-26.77

Y:-82.71

X:-39.6

Y:-128

X:-44.48

Y:-129.3

X:21.75

Y:-113.9

X:26.77

Y:-116.9


Figure 6 –PA#2, 4:1 VSWR angle #3, full occupancy, 25 and single RB cases in a 20 MHz channel.
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Figure 7 –PA#3, 4:1 VSWR angle #1, full occupancy, 25 and single RB cases in a 20 MHz channel.
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Figure 8 –PA#3, 4:1 VSWR angle #2, full occupancy, 25 and single RB cases in a 20 MHz channel.
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Figure 9 –PA#3, 4:1 VSWR angle #3, full occupancy, 25 and single RB cases in a 20 MHz channel.
4 Conclusion
The results of 27 simulations are illustrated in Figures 1-9 for different number of RBs. The single RB cases show that a single RB mixed with its image can create a significant out of band and de-sense contributor at ~ -5x9 MHz even for an imbalance of slightly better than -35 dBc—compare with the 29 dBc used in [2].  A single RB on the other side would have an analogous effect with a spur at ~ 5x9 MHz. Such spurs can occur often as it would be generated by the transmission of the PUCCH. The results also show that the level of the spur is very sensitive to the VSWR angle (with PA #2 showing best performance). The results also show that higher order products, (i.e.., +/-7x9 MHz, +/-9x9 MHz, and so on) are not significant. 
Recommendations:
· Limiting the number of RBs in order to improve out of band performance for a given bandwidth is not equivalent to reducing the bandwidth allowed. 
· We therefore propose that any study of out of band or de-sense performance has to include single RB characterization as presented in this contribution. 

· Results show a strong dependence to PA performance so assumptions on PA performance as results are very dependent on the PA and TX front-end (post-PA) models used. For this contribution we have picked three commercially available PAs. For a future contribution we would like to propose a generic PA model to provide some baseline performance.

· MPR as tabulated in Tables 6.2.3-1 and 6.2.4-1 in [3] also helps improve both out of band and desense performance.  In terms of desense as MPR is less for transmissions with a reduced number of RBs--as per the above tables—a strong risk of for non-compliance exists for wider channels with a small duplex gap. 
· Therefore, we propose that in wider channels with small duplex gap, we should consider either a sensitivity reduction or half-duplex FDD operation.  
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