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1 Introduction
Band XIII has been divided into three regions for the purpose of specification of A-MPR requirements-- see [1].  Such division is due to the proposed symmetric over-provisioning of the PUCCH which is now relocated towards the center of the channel as per the equation:
PL = 1/6 CHBW + 1/3 GBW
(1)
Where 

· PL is the maximum distance from the channel center of the outside edge of a PUCCH RB
· CHBW is the channel bandwidth

· GBW is the guard band bandwidth
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Figure 1 – Diagram showing the location of the PUCCH as per equation 1.
Equation 1 is approximate; the exact value for PL may need to be somewhat smaller due to the spreading of the 3rd order mixing products that we are trying to control. The over-provisioning of the PUCCH creates three spectral regions are illustrated in Figure 2 –see [1]. The one third of the channel closest to the protected band is called Region A, the central one third is called Region B and the furthermost third from a protected band is referred to as Region C. Whether Regions A & C are to the left or the right depends on the location of the protected band; e.g., with Band XIII the protected band is on the left so Region A is to the left as in the figure. 
Figure 1 also illustrates a 2 MHz guard band protecting the Public Safety Band from emissions from Band XIII. Previous simulations [4-7] have shown that locating the PUCCH on Region A requires it to be reduced in power to protect the adjacent band. The same applies to PUSCH transmission in this region. Regions B & C have not been thought as requiring a PUSCH (or PUCCH) power reduction, however the simulations for Region C show that some reduction is required for this region if the specification for IQ imbalance is not tightened—see discussion and proposal in [5 & 6]. 
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Figure 2 -- Regions A, B & C for a situation with a left protected band and a 2 MHz Guard Band as in Band XIII.

1.1 Settings and Criteria for the Simulations
The data for each run are independent from those of other runs. The PA model used is that presented in [2]. The results apply to Band XIII with a single QPSK RB located in the different regions mentioned of a 10 MHz channel. 
The PA model is designed to pass the ACLR requirements for WCDMA HSUPA with a small amount of margin—see [2]. The illustration highlights the 2 MHz guard band (in light green) from -5 to -7 MHz form the center of the 10 MHz channel and the protected band starting at -7 MHz with a limit of -60 dBm/ 6.25 kHz as proposed in [1]. All of the spectra used for illustration use a measurement of power density into a bandwidth of 6.25 kHz to align the measurements to the measurement bandwidth in [1] and thus monitor violations of the specification more easily. As the PA model is designed for typical performance only some margin must be allowed for temperature and VSWR effects see [3]. To allow for such effects we will assume a tighter specification of -63 dBm/ 6.25 kHz. 
2 Simulation Results

2.1 Band XIII Region A Simulations
This simulation, as illustrated by Figure 2, shows that there is indeed an issue with the third order mixing product of the PUSCH and its IQ imbalance image. This also shows a smaller concern with the 5th order mixing of the carrier feedthrough term with the signal.
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Figure 3 – Simulation of a single RB QPSK PUSCH for Region A
To meet the protected band with a minimum 3 dB margin requires a 14 dB power reduction see Table 1 below. See also the spectra in Figure 4.
Table 1 – Reduction of power to meet protected band specification

	Level (dBm)
	Power reduction (dB)
	Spur in PS (dBm/6.25 kHz)

	23
	0
	-43.6

	13
	10
	57.6

	10
	13
	-61.3

	9
	14
	-63.4
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Figure 4 – Output spectra of simulations of a single RB QPSK PUSCH for Region A, with power reduction to meet protected band requirements

2.2 Band XIII Region B Simulation

The simulation presented here illustrates the output spectra for a single QPSK RB at 23 dBm in Region B. Not unexpectedly this region does not present any issues for the protected band for a single QPSK RB. A fifth order of mixing signal and imbalance can be an issue if the PA nonlinearity is strong enough.
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Figure 5 – Spectrum of simulation of a single QPSK RB PUSCH for Region B
2.3 Band XIII Region C Simulations

The simulation results tabulated in Table 2 and illustrated in Figure 6, sweep over different levels of IQ image imbalance and different levels of carrier feedthrough (denoted as DC term as in an ideal direct conversion RX output). For these simulations a single QPSK RB PUSCH at the edge of Region C and a power of 23 dBm has been used. The results show that an imbalance or carrier feedthrough of 25 dBc is inadequate to avoid a power reduction requirement for Region C. A tighter specification of 30 dBc is required to have some margin and maintain full power. For a PUCCH transmission in this region, as with the asymetric option in [7], the spectral spurs are 3 dB lower (than to a PUSCH QPSK RB) because of the hopping nature of the PUCCH, nevertheless the current spec of 25 dBc imbalance would also give inadequate margin. 
There are two left side spurs for single RB TX in Region C; both spurs are affected through mixing products of the signal its imbalance image and the carrier feedthrough:

· “Spur A”  typically falls in the guard band but can be a concern for single RB transmitted near the far right side of Region C. Spur A seems to be dependent on both the imbalance and the carrier feedthrough levels and it is a combination of mixing products—see Table 2 

· “Spur B” seems lower than Spur A and it is mainly due to the (left) third order mixing of the signal RB and its imbalance image and lands in the PS Band. As seen in Table 2 its magnitude is not clearly affected by the carrier feedthrough 

Table 2: Results of several runs showing different levels of IQ imbalance and carrier feedthrough. Values omitted are better than -75 dBm/6.25 kHz . 
	Imbalance (DB)
	DC spur (dB)
	Spur A (dBm/6.25 kHz)
	Spur B (dBm/6.25 kHz)

	34.7
	35.5
	
	

	31.9
	35.5
	-72.4
	

	29.7
	35.5
	-70.8
	-70

	28
	35.5
	-69.1
	-66.9

	26.5
	35.5
	-68.5
	-64.8

	25
	35.5
	-66.6
	-61.9

	34.7
	32.5
	-72.3
	

	31.9
	32.5
	-69.2
	-73.9

	29.7
	32.5
	-67.4
	-70

	28
	32.5
	-66.4
	-67.4

	26.5
	32.5
	-64.7
	-63.4

	25
	32.5
	-62.9
	-60.1

	34.7
	29.5
	-69.5
	

	31.9
	29.5
	-67.1
	

	29.7
	29.5
	-65.8
	-70.9

	28
	29.5
	-63.8
	-67

	26.5
	29.5
	-61.9
	-62.7

	25
	29.5
	-60.5
	-61.4

	34.7
	26.5
	-66.8
	

	31.9
	26.5
	-63.2
	-73.9

	29.7
	26.5
	-61.7
	-69.5

	28
	26.5
	-60.7
	-66.1

	26.5
	26.5
	-59.2
	-64.6

	25
	26.5
	-58.2
	-61.9

	34.7
	23.5
	-64
	

	31.9
	23.5
	-61.6
	

	29.7
	23.5
	-59.2
	-70.5

	28
	23.5
	-57.4
	-67.7

	26.5
	23.5
	-55.8
	-63.7

	25
	23.5
	-54.7
	-60.8
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Figure 6 -- Spectra for cases in Table 2 of a single QPSK RB at the edge of Region C.
3 Results and Conclusions

Results show protection of the PS Band from Band XIII for a single PUSCH QPSK RB requires monitoring the two spurs generated through left side (lower) mixing products of the following:
· Signal and its IQ imbalance (left third order)

· Signal and carrier feedthrough (left fifth order)

· IQ image and carrier feedthrough (left third order)

The fifth order mixing products do not seem significant for this PA model but need to be monitored for other PAs. The analysis presented does not deal with transceiver mixer and baseband nonlinearities which are for further study.
Results for a single PUSCH QPSK RB in the three regions:
· Region A: transmission of a single PUSCH QPSK RB in Region A may require as much as 14 dB A-MPR even for 30 dBc imbalance & more for a looser imbalance specification. (28 dB carrier feedthrough used)
· Region B: no issue 

· Region C: a 30 dBc IQ imbalance and carrier feedthrough specification will avoid A‑MPR for a single RB TX—see Table 2.
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