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1. Introduction

During the previous 3GPP RAN4 meeting #61 the proposal was made to tighten the requirements for the IQ imbalance and carrier rejection of the LTE TX modulator. This contribution shows some simulation results on the effects of such a tighter specification on the needed A-MPR values to fulfil the public safety spurious emission requirements.
2. Simulation Setup
The simulation is done using a model for the IQ modulator including the following imperfections:

· Carrier rejection

· Amplitude mismatch between I and Q path

· Phase mismatch from the ideal 90°

· Nonlinearities for Counter IM3

The carrier rejection was changed from 25-30dBc in the simulation, the amplitude and phase mismatch have been modified for a resulting image rejection of 25-30dBc and the Counter IM3 was set to -60dBc. 

Despite some other simulations in RAN4, where the simulations have been done with an idealized PA with specific added non-linearities (IM3 etc.) this contribution simulates a real PA instead. The signal from the modulator is sent through a model of a real PA based on real measured data. To determine the model a LTE PA of a PA manufacturer has been measured to determine the nonlinearity parameters like amplitude and phase distortion for more than 1000 power levels. Then the levels have been adjusted, so that the resulting transmitter just fulfils the E-UTRA ACLR requirement of -30dB at the output power of 22dBm, which means 1dB MPR and no A-MPR. 
Since the public safety band at the upper edge at 851MHz is just 2MHz away from the edge of band 26 at 849MHz, a duplexer would have no rejection of the spurious signal and is therefore also omitted in the simulation.
3. Simulation Results
3.1 Single Resource Block Results
3.1.1 General spectrum shape

These simulations have been done using a 10MHz LTE signal at 844 MHz with a single resource block at the position as close as possible to the band edge. Then the intermodulation products of the resource block, the carrier leakage and the image fall into the public safety band at approximately 852.8MHz and 857.2MHz. The location will change when the resource block is moved from the edge, but the levels will remain the same. Figure 1 shows the simulated output spectrum for no A-MPR at 22dBm and 25dB carrier and image rejection.
[image: image1.png]dBm(S4)

T T T T 1T T T T T 1
820 825 830 835 840 845 850 855 860 865 G870 875

freq, MHz.




Figure 1: TX Spectrum with one resource block, 22dBm and 25dB carrier and image rejection

3.1.2 Intermodulation products with 25dB carrier and image rejection

A more detailed view can be seen in figure 2, which zooms into the two spurious products falling into the public safety band. 
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Figure 2: Spurious emissions into the public safety band with one resource block, 22dBm and 25dB carrier and image rejection

The spurious emission at 852.8MHz is the intermodulation product of the wanted resource block with the carrier leakage, while the spurious emission at 857.2MHz is the intermodulation product of the wanted resource block with its own image.
The two values at -33.8dBm/6.25kHz and -33.5dBm/6.25kHz show, that 1dB A-MPR is needed to fulfil a value of -35dBm/6.35kHz when using the 3GPP values of -25dB for the carrier and image rejection. Alternatively the carrier and image rejection values can be improved to fulfil the value.
3.1.3 Intermodulation products with 28dB carrier and 25dB image rejection

Figure 3 shows the spectrum, if the carrier rejection is changed from 25dB to 28 dB.
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Figure 3: Spurious emissions into the public safety band with one resource block, 22dBm and 28dB carrier and 25dB image rejection

The spurious emission at 852.8MHz, which is the intermodulation product of the wanted resource block with the carrier leakage, is improved as expected by approximately 3dB, while the spurious emission at 857.2MHz, which is the intermodulation product of the wanted resource block with its own image stays constant. Therefore it doesn’t help to just improve the carrier rejection as there is still A-MPR needed to get the intermodulation of the image below the limit. 
3.1.4 Intermodulation products with 28dB carrier and image rejection

The result of improving both, the carrier and the image rejection to 28dB can be seen in figure 4.
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Figure 4: Spurious emissions into the public safety band with one resource block, 22dBm and 28dB carrier and image rejection

The spurious emission at 852.8MHz, which is the intermodulation product of the wanted resource block with the carrier leakage, is now additionally improved by nearly 1dB, while the spurious emission at 857.2MHz, which is the intermodulation product of the wanted resource block with its own image, now is improved as well by a bit more than the expected 3dB. No A-MPR is needed to get the intermodulation products below a limit of -35dBm/6.25kHz. 
3.1.5 Intermodulation products with 30dB carrier and image rejection

The result of improving both, the carrier and the image rejection to 30dB can be seen in figure 5.
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Figure 5: Spurious emissions into the public safety band with one resource block, 22dBm and 30dB carrier and image rejection

Both spurious emissions are now improved by more than the 5dB expected, one by 6.2 and the other by 5.6dB. No A-MPR is needed to get the intermodulation products below a limit of -35dBm/6.25kHz. 

3.1.6 Intermodulation products with 25dB carrier/image rejection and 1dB A-MPR

For comparison figure 6 shows the result with 1dB A-MPR and 25dB image and carrier rejection.
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Figure 6: Spurious emissions into the public safety band with one resource block, 21dBm (1dB A-MPR) and 25dB carrier and image rejection

Both spurious emissions are as well improved, one by 4.6 and the other by 4.1dB. No A-MPR is needed to get the intermodulation products below a limit of -35dBm/6.25kHz. 

3.1.7 Intermodulation products with varied carrier and image rejection

Table 1 lists the results of the improvement of the intermodulation products due carrier leakage and image with improved carrier and image rejection compared with A-MPR at 25dB carrier and image rejection.
	Carrier and Image rejection
	Improvement of Carrier intermod
	Improvement of Image intermod

	25
	0
	0

	26
	1.2
	1.1

	27
	2.5
	2.3

	28
	3.6
	3.4

	29
	5
	4.5

	30
	6.2
	5.6

	A-MPR
	Improvement of Carrier intermod
	Improvement of Image intermod

	1
	4.6
	4.1

	2
	10
	8.6


Table 1: Spurious emissions improvement for varying carrier and image rejection and A-MPR

Comparing the results with 1dB A-MPR to the results with improved carrier and image rejection indicates, that 1dB A-MPR is approximately equivalent to improving the carrier and image rejection by 4dB.
3.1.8 Intermodulation products with varied A-MPR values and carrier and image rejection

A PA modelled with a usual 3rd order non-linearity would theoretically result in 3dB reduction of the intermodulation  products per 1dB of power reduction. However, the simulation results show, that a real PA, which has been simulated here, behaves significantly different than the ideal PA. At higher power levels the A-MPR reduces the intermodulation products by more than 3dB per 1dB A-MPR, while at lower levels the intermodulation products improve with less than 3dB per dB A-MPR, at some levels the intermodulation products even do not reduce at all when the power is reduced. The following table shows a summary of the behaviour of the system when power reduction is applied. The table lists the worst level of the two intermodulation products that result from various A-MPR and carrier/image rejection. This is basically the value for the spurious emissions that can be fulfilled.
	A-MPR
	Spurious (dBm/6.25kHz), 25dB carrier/image rej.
	Spurious (dBm/6.25kHz), 28dB carrier/image rej.
	Spurious (dBm/6.25kHz), 30dB carrier/image rej.

	0
	-33
	-36
	-38

	1
	-37
	-40
	-42

	2
	-42
	-45
	-47

	3
	-46
	-50
	-52

	4
	-50
	-52
	-55

	5
	-51
	-53
	-55

	6
	-51
	-53
	-56

	7
	-51
	-54
	-56

	8
	-52
	-55
	-57

	9
	-53
	-56
	-58

	10
	-54
	-57
	-59

	11
	-55
	-58
	-60

	12
	-57
	-60
	-62

	13
	-59
	-62
	-64

	14
	-61
	-64
	-66


Table 2: Possible Spurious Emissions requirements in dBm/6.25kHz for 25, 28 and 30dB carrier and image rejection vs. A-MPR

Figure 7 shows the same information as a diagram.
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Figure 7: Spurious emissions into the public safety band with one resource block vs. A-MPR, 25, 28 and 30dB carrier and image rejection

The figure shows clearly, that there is  a zone where even more A-MPR doesn’t help too much while at other power levels the intermodulaiton results decrease rapidly.

Table3 shows the required A-MPR depending on the carrier and image rejection.
	PS-Limit
	A-MPR for 25dB rej.
	A-MPR for 28dB rej.
	A-MPR for 30dB rej.

	-50dBm/6.25kHz
	4
	3
	3

	-53dBm/6.25kHz
	9
	5
	4

	-57dBm/6.25kHz
	12
	10
	8


Table 3: required A-MPR for various emissions requirements and carrier/image rejection

3.1.9 Counter IM3 results

Since there is the request for very low spurious emission levels in the PS band, counter IM3 has to be taken into account as well. In this case the single resource block has been placed at the lower end of the LTE10 signal, so that the C-IM3 product falls into the PS band. The resulting spectrum can be seen in figure 8:
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Figure 8: Spurious emissions into the public safety band due to the counter IM3 product at 857.2MHz
The counter IM3 product without A-MPR is approximately at -50dBm/6.25kHz, therefore no A-MPR is needed for a limit of -50dBm/6.25kHz.
Additionally to the C-IM3 product there is as well an intermodulation product generated from the image and the carrier leakage, which is at approximately -50dBm/6.25kHz, too, no A-MPR is needed for that as well.

For values of -53dBm/6.25kHz or -57dBm/6.25kHz additional improvements are required. If the carrier and image rejection is improved to 28dB, then the intermodulation product of these is reduced by 6dB, while the Counter-IM3 product is only marginally reduced. With 30dB carrier and image rejection the situation is similar, the carrier and image intermodulation signal is now at -60dBm, while the C-IM3 signal remains constant.
Table 4 shows the required A-MPR for the two spurious emissions to fulfil -53dBm/6.25kHz:
	Carrier and image rejection
	A-MPR for carrier and image intermodulation
	A-MPR for Counter-IM3
	Total needed A-MPR

	25dB
	1dB
	4dB
	4dB

	28dB
	-
	3dB
	3dB

	30dB
	-
	3dB
	3dB


Table 4: A-MPR required to fulfil -53dBm/6.25kHz
Table 5 shows the required A-MPR for the two spurious emissions to fulfil -57dBm/6.25kHz:

	Carrier and image rejection
	A-MPR for carrier and image intermodulation
	A-MPR for Counter-IM3
	Total needed A-MPR

	25dB
	2dB
	8dB
	8dB

	28dB
	-
	8dB
	8dB

	30dB
	-
	8dB
	8dB


Table 5: A-MPR required to fulfil -57dBm/6.25kHz
3.2 Six Resource Block Results

These simulations have been done using a 10MHz LTE signal at 844 MHz with six resource blocks at the position as close as possible to the band edge. Then the intermodulation products of the resource block, the carrier leakage and the image fall into the public safety band at approximately 852MHz and 856MHz. The location will change when the resource blocks are moved from the edge, but the levels will remain the same. Figure 9 shows the simulation result for no A-MPR at 22dBm and 25dB carrier and image rejection.
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Figure 9: TX Spectrum with six resource blocks, 22dBm and 25dB carrier and image rejection

The intermodulation products already discussed in the chapter with one resource block are with six resource blocks a bit wider than in the 1RB scenario, therefore the level of the intermodulation products is smaller, as the energy is distributed over a larger frequency range and a lower A-MPR value is needed. Simulations show that with 25dB carrier and image rejection 3dB A-MPR seem to be enough for -50dBm/6.25kHz and 6dB are needed for -57dBm/6.25kHz. An improvement of the carrier and image rejection to 28 or 30dBc results as well in about the same improvement of the intermodulation products.
3.3 Twelve Resource Block Results

These simulations have been done using a 10MHz LTE signal at 844 MHz with twelve resource blocks at the position as close as possible to the band edge. The intermodulation products with the carrier and image are so wide with twelve resource blocks, so that they cannot be seen anymore in the spectrum, therefore the carrier leakage and the image do not play a significant role anymore. The most critical frequency now is the PS frequency closest to the wanted signal at 851MHz. Therefore the A-MPR needed is independant of the carrier and image rejection. Figure 10 shows the simulation result for no A-MPR at 22dBm and 25dB carrier and image rejection.
The required A-MPR for -50dBm is 4dB, for -53dBm it is 6dB and for -57dBm it is 8dB.
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Figure 10: TX Spectrum with twelve resource blocks, 22dBm and 25dB carrier and image rejection

3.4 24 Resource Block Results

These simulations have been done using a 10MHz LTE signal at 844 MHz with 24 resource blocks at the position as close as possible to the band edge. The intermodulation products with the carrier and image are again so wide with 24 resource blocks, that they cannot be seen anymore in the spectrum, therefore the carrier leakage and the image do not play a significant role anymore. The most critical frequency now is the PS frequency closest to the wanted signal at 851MHz. Therefore the A-MPR needed is independant of the carrier and image rejection. Figure 11 shows the simulation result for no A-MPR at 22dBm and 25dB carrier and image rejection.
The required A-MPR for -50dBm is 6dB, for -53dBm it is 9dB and for -57dBm it is 12dB.
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Figure 11: TX Spectrum with 24 resource blocks, 22dBm and 25dB carrier and image rejection

3.5 50 Resource Block Results

These simulations have been done using a 10MHz LTE signal at 844 MHz with 50 resource blocks, which is full allocation. The intermodulation products with the carrier and image are again so wide, that they cannot be seen anymore in the spectrum, therefore the carrier leakage and the image do not play a significant role anymore. The most critical frequency now is the PS frequency closest to the wanted signal at 851MHz. Therefore the A-MPR needed is independant of the carrier and image rejection. Figure 12 shows the simulation result for no A-MPR at 22dBm and 25dB carrier and image rejection.
The required A-MPR for -50dBm is 6dB, for -53dBm it is 9dB and for -57dBm it is 12dB.
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Figure 12: TX Spectrum with 50 resource blocks, 22dBm and 25dB carrier and image rejection

4. Conclusions 

4.1 Conclusions for a single or few resource block TX signal:

Conclusion 1: An improvement of the carrier and image rejection by 1dB results in approximately the same improvement of 1dB in the intermodulation products falling into the public safety band
Conclusion 2: Only improving one parameter, carrier or image rejection is not too useful, as the other parameter still limits the spurious emissions performance and requires the same A-MPR as before
Conclusion 3: At intermodulation levels above -50dBm/6.25kHz one dB of A-MPR is approximately equivalent to improving the carrier and image rejection by 4dB, below that level it can be different with the specific PA simulated here.

Conclusion 4: Real PAs don’t behave like the ideal intermodulation model with 3dB lower intermodulation per 1dB A-MPR, at some levels the intermodulation performance improves with 5dB/dB but at other levels even with 0dB/dB!
Conclusion 5: A value of -50dBm/6.25kHz can be achieved with a quite low A-MPR, for -53dBm/6.25kHz or -57dBm/6.25kHz the A-MPR has to be increased significantly!
Conclusion 6: Counter IM3 isn’t a problem to achieve a spurious emissions value of -50dBm/6.25kHz , no A-MPR is needed, but to achieve -53dBm/6.25kHz or even -57dBm/6.25kHz significant A-MPR values up to 8dB have to be used!

Conclusion 7: Counter IM3 is almost independent of the carrier and image rejection
4.2 Conclusions for a TX signal with many resource blocks:

Conclusion 8: An improvement of the carrier and image rejection doesn’t change the required A-MPR for signals with many resource blocks or full allocation
5. Summary
Introducing more stringent values for the carrier rejection and image rejection of the modulator will in some scenarios with one or few resource blocks reduce the necessary A-MPR by 1dB, in specific cases more. It doesn’t help at all to reduce the required A-MPR at large or full allocations.

The best way to reduce the required A-MPR is to specify reasonable spurious emissions requirements like -50dBm/6.25kHz instead of the overly stringent -57dBm/6.25kHz, which reduces A-MPR by up to 8dB (counter IM3) or 6dB (full allocation).
[1]
R4-116026 UE Transmit Modulation Requirement (Verizon)
[2]
R4-B26ah-0005 851-859MHz Narrowband Systems protection from B26 UL A-MPR study (Nokia)

