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1 Introduction
In the RAN4#41, there was a decision on a working assumption for the structure of the ACLR requirements for LTE UL, see [1]. Some tentative values were also suggested. This contribution discusses some further open issues related to ACLR and spectrum emissions in general.
2 Current status
Table 1 shows the agreed working assumption for ACLR requirement structure in paired spectrum. 
	E-UTRA

Assigned BW (MHz)
	ALCR limit for 1st Adjacent channel relative to assigned channel frequency [dB]

	
	
	UTRA1
5.0 MHz
	E-UTRA2
X MHz
	E-UTRA2
Y MHz
	E-UTRA2
5.0 MHz
	E-UTRA2
10 MHz
	E-UTRA2
15 MHz
	 E-UTRA2
20 MHz

	X
	ACLR 1
	[33]
	[30]
	-
	-
	-
	-
	-

	
	ACLR 2
	
	[TBD]
	-
	-
	-
	-
	-

	Y
	ACLR 1
	[33]
	-
	[30]
	-
	-
	-
	-

	
	ACLR 2
	
	-
	[TBD]
	-
	-
	-
	-

	5
	ACLR 1
	[33]
	-
	-
	[30]
	-
	-
	-

	
	ACLR 2
	
	-
	-
	[TBD]
	-
	-
	-

	10
	ACLR 1
	[33]
	-
	-
	-
	[30]
	-
	-

	
	ACLR 2
	
	-
	-
	-
	[TBD]
	-
	-

	15
	ACLR 1
	[33]
	-
	-
	-
	-
	[30]
	-

	
	ACLR 2
	
	-
	-
	-
	-
	[TBD]
	-

	20
	ACLR 1
	[33]
	-
	-
	-
	-
	-
	[30]

	
	ACLR 2
	
	-
	-
	-
	-
	-
	[TBD]

	NOTES:
1 Measured with a 3.84 MHz bandwidth RRC filter with roll-off factor =0.22 centered on the adjacent  channel.

2 Measured with a [TBD] filter centered on the 1st  or 2nd adjacent  channel


Table 1 The working assumption for ACLR requirement structure in paired spectrum, taken from [1]. 
It was decided that, for each defined E-UTRA bandwidth, the ACLR towards adjacent UTRA systems shall be tested, as well as the ACLR towards adjacent E-UTRA systems occupying the same bandwidth as the UE Tx. Note that the UE must be tested for all supported bandwidths. In [1], 33 dB is agreed as a tentative number for ACLR1 towards a UTRA system, and 30 dB for ACLR1 towards an E-UTRA system. 
There was not a complete agreement if the ACLR2 requirement is needed, neither towards UTRA systems nor E-UTRA systems. The motivation for including ACLR2 requirements towards UTRA is that, during a migration phase, legacy UTRA systems should not experience higher interference when adjacent UTRA systems are replaced by E-UTRA systems. One argument against this is that coexistence is mainly determined by ACLR1, and the ACLR2 requirements have been introduced for UTRA at 43 dB to consolidate this, but also taking implementation feasibility for UTRA into account. This does not necessarily imply that ACLR2 at this level is required to ensure good coexistence. 

Regarding spectrum emission mask, fewer details are agreed on, but some working assumptions are listed in [2].

3 Discussion and simulation results
In this section, we present some simulation results in order to continue the progress and trying to resolve some of the open issues regarding unwanted emissions. The simulations are based on a transmitter model with realistic front-end impairments, such as phase noise, IQ imbalance, and a non-linear PA model based on measurements on a HSDPA capable PA. Just as for a real UE design, the operating point of the PA can be chosen rather arbitrarily. When the PA is operating in a more linear region, the amount of unwanted emissions is reduced, at the expense of more power drain from the battery. In the presented results, the operating point has been chosen to make the power consumption comparable to a WCDMA transmitter operating at maximum output power, using maximum allowed backoff for different E-DCH signals, while maintaining reasonable margins towards the ACLR1 requirement. Furthermore, a spectrum shaping transmit filter has been used in order to reduce the unwanted emissions close to the assigned system bandwidth.
The simulations illustrate different aspects of ACLR and unwanted spectrum emissions, presented for 5, 10, and 20 MHz system bandwidth using 16QAM modulation. The results shown are based on tuning the ACLR1 towards UTRA to around 34 dB, implying a small margin towards one of the ACLR requirements that has been tentatively agreed on.
The ACLR values towards UTRA have been calculated using the prescribed RRC filter. For ACLR towards E-UTRA, a rectangular window has been used, equal to the bandwidth of the occupied sub-carriers; i.e. 4.5, 9, and 18 MHz for 5, 10, and 20 MHz systems, respectively.

One shall of course bear in mind that the results are simulations of one radio solution only, and that other companies may show different results. However, these results can be used as a basis for discussions. 

3.1 5 MHz system bandwidth

Figure 1 depicts the spectrum emissions for a UE operating at 5 MHz system bandwidth, with varying resource block allocation. The solid purple line is using the full bandwidth, whereas the others use 1, 4, and 13 RBs, all allocated at the upper band edge. 
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Figure 1 Spectrum emissions for 5 MHz system with varying RB allocations using a realistic Tx front-end. WCDMA mask included for information.
Judging from these simulations, it can be observed that the WCDMA mask seems feasible to use also for a 5 MHz LTE system, see [3]. A visible effect that deserves some attention can be seen for 1 RB allocation. If we first look at the in-band emissions, we see an emission peak at the lower band edge. This image emission is caused by IQ mismatch in a direct up-conversion IQ modulator topology that uses a fixed LO frequency in the center of the band. This phenomenon has previously been shown in e.g. [4]. Since the IQ mismatch appears before the non-linear PA, the harmonic products between the image and the wanted signal will show up in the emitted spectrum after the PA, the first one around 6.5 MHz. The size of this peak is determined both by the achieved in-band image rejection and the non-linear behaviour, e.g. IIP3, of the PA. Both these factors may be improved with different designs, but the underlying phenomenon remains. For 4 RB allocation, the peak is wider and lower, and for large RB allocations it disappears entirely. The implications on E-UTRA spectrum mask definition is further discussed in [3]. 
Next, we show how the ACLR1 towards UTRA may vary with different RB allocations, see Figure 2.
[image: image2.png]ACLR1 towards UTRA

60

55

50

45

40

35

30

T
0 RB offset from band edge
1RB offset
2 RB offset
3 RB offset
4 RB offset
5 RB offset
6 RB offset
7 RB offset
8 RB offset

10
# of allocated RBs

15

20

25




Figure 2 ACLR1 towards UTRA for 5 MHz system as a function of RB allocation. Different curves show different offset from the band edge.
From the graph one can draw the, perhaps expected, conclusions that the worst ACLR is obtained when the edge resource block is allocated (the lower curve), and that the ACLR decreases as the number of RBs increases. 
ACLR1 towards adjacent E-UTRA systems behave qualitatively in the same way, with worst behaviour for allocations at the band edge. ACLR1 towards E-UTRA and UTRA are plotted together in Figure 3. The difference between the two values ranges from 4 dB down to below 1 dB for full bandwidth allocation. The figure suggests that the proposed level of 30 dB ACLR1 towards E-UTRA should not impose any problem from an implementation point of view.
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Figure 3 ACLR1 towards UTRA and E-UTRA for 5 MHz system as a function of the number of allocated resource blocks.
ACLR2 towards E-UTRA for different RB allocations is depicted in Figure 4. For full RB allocation, a value of approximately 47 dB is reached. Using the legacy 43 dB as a requirement for ACLR2 would then imply that this is not dimensioning for the transmitter design. 
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Figure 4 ACLR2 towards E-UTRA for 5 MHz system as a function of the number of allocated resource blocks.
ACLR2 towards UTRA shows approximately the same behaviour, however about 1 dB higher due to the reduced measurement bandwidth.
3.2 10 MHz system bandwidth

The spectrum emission from a UE operating at 10 MHz system bandwidth is shown in Figure 4. Here, the same phenomena as for 5 MHz are present, but shown only for single and full RB allocation. The peak around 13 MHz  for the single RB allocation raises approximately 4 dB above the emission level for full RB allocation, which is slightly more than for the corresponding peak in the 5 MHz case. 
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Figure 5 Spectrum emissions for 10 MHz system with varying RB allocations using a realistic Tx front-end. WCDMA mask included for information.
The ACLR1 towards UTRA and E-UTRA behave in similar ways as for a 5 MHz system, with the exception that it is not certain anymore that, for small RB allocations, the minimum ACLR is obtained at the band edge, see Figure 5. The reason is that the first harmonic product with the image may coincide more with the 3.84 MHz measurement band when the allocated resource block is moved slightly into the band. Still, this occurs at high ACLR levels, and thus needs not to be considered. 
Another observation is that the ACLR1 attains its minimum at approximately 25 RB allocation, even though the difference towards full RB allocation is marginal. 
[image: image6.png]ACLR1 towards UTRA [dB]

IS
=

60

55

o
3

IS
o

35

30

T i T
0 RB offset from band edge
1RB offset

2 RB offset

4 RB offset

8 RB offset

12 RB offset

20 25
# of allocated RBs

30

35 40 45

50




Figure 6 ACLR1 towards UTRA for 10 MHz system as a function of RB allocation. Different curves show different offset from the band edge.
For 10 MHz system, the ACLR1 towards E-UTRA is also approximately 1 dB worse than the ACLR1 towards UTRA, and thus there is good margin towards the suggested 30 dB requirement. ACLR2 towards E-UTRA behaves approximately the same, regardless of bandwidth, and thus 43 dB is a feasible requirement here as well. 
ACLR2 towards UTRA is however a more difficult issue. This is not surprising, due to the shape of the spectrum emissions seen in e.g. Figure 4, which shows approximately 1 dB decay / MHz in the relevant region for full RB allocation. ACLR2 as a function of  number of RBs is depicted in Figure 6, indicating that 40 dB is within reach. For this value to be improved, either higher UE power consumption or reduced output power would be required.
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Figure 7 ACLR2 towards UTRA for 10 MHz system as a function of RB allocation. Different curves show different offset from the band edge.
3.3 20 MHz system bandwidth

Figure 7 depicts spectrum emissions for a UE operating in a 20 MHz system. Again, the shape is similar. The slope for full RB allocation is here approximately 0.5 dB / MHz, and the peak associated with the first harmonic for single RB allocation raises 8-9dB above the emission level for full allocation. 
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Figure 8 Spectrum emissions for 20 MHz system with varying RB allocations using a realistic Tx front-end. WCDMA mask included for information.
ACLR1 towards UTRA is shown in Figure 8, and shows that minimum ACLR is obtained when around 40 RB are allocated at the band edge. For full allocation, the ACLR is approximately 2 dB better. 
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Figure 9 ACLR1 towards UTRA for 20 MHz system as a function of RB allocation. Different curves show different offset from the band edge.
As for the lower bandwidths, ACLR1=30dB and ACLR2=43 dB towards LTE will not be dimensioning for 20 MHz.

As expected, the ACLR2 towards UTRA will be even lower than for 10 MHz, due to the fact that the slope for full allocation in Figure 7 is approximately 0.5 dB/MHz for full allocation. The resulting ACLR2 is shown for different RB allocations in Figure 9, indicating that 38 dB is within reach.
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Figure 10 ACLR2 towards UTRA for 10 MHz system as a function of RB allocation. Different curves show different offset from the band edge.
4 Conclusions
In this contribution, numerous simulation results have been presented in order to show possible behavior of spectrum emissions, as well as the feasibility of different ACLR requirements. The simulations are based on a specific Tx architecture, namely a direct up-conversion IQ modulator with fixed LO frequency. Front-end imperfections are moderately aggressive using current technology, and the operating point of the non-linear PA model is chosen in order to have similar power consumption as for WCDMA. We believe that the RF requirements should be set such that this topology is feasible, without imposing too stringent requirements on imperfections and PA linearity.
While actual numbers will naturally differ between different topologies and RF designs, the presented results may be used as a basis for discussion. The following observations have been made:
· Worst case ACLR occurs for RB allocations at the band edge, but not necessarily for full allocation. 
· For a given, small number of resource blocks, the worst ACLR may occur for allocations away from the band edge, due to the fact that the harmonic products may coincide more with the frequencies occupied by the adjacent channel.

· Though the harmonic peaks for small RB allocations seem not to be dimensioning for ACLR, they might need to be considered in the spectrum emission mask definition. This is further discussed in [3].

· ACLR1 towards E-UTRA seems not to be dimensioning, with the tentatively agreed levels.

· ACLR2 towards E-UTRA is proposed to be set to 43 dB.
· For system bandwidths above 5 MHz, it is difficult to achieve ACLR2 towards UTRA at the same level as in 25.101. This would either require significantly higher power consumption in the UE, or significant reduction of UE transmit power. Thus, it should be carefully considered if the stringent ACLR2 requirements towards UTRA really are needed from a coexistence point of view.
It should be noted that LO leakage around DC has not been included in the presented simulations. This would cause similar harmonic products as the ones caused by IQ imbalance, but closer to the band edge and typically smaller.
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