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1. Introduction
The UE spectrum emission mask for DC-HSUPA has been discussed in [1] and [2]. The agreed way forward was after RAN4#51bis was to use the general LTE 10 MHz mask also for DC-HSUPA signals, with an extension of the requirement point 10 MHz from the allocated bandwidth. Furthermore, for bands 2, 4, 5, and 10 additional FCC requirements, which are captured by the NS_03 LTE mask, apply close to the allocated bandwidth. A concern was raised in [2] that additional MPR (A-MPR) may be required in order to fulfil this requirement for signals large power imbalance. This is further discussed in this contribution. 
2. Discussion
In order to assess whether A-MPR is needed to fulfill the NS_03 mask, a large set of DC-HSUPA configurations has been simulated. Before results are presented, the definition of a relevant power difference measure will be discussed. 
2.1. Power imbalance definition

The power imbalance for a DC-HSUPA signal can be parameterized in several ways. Two relevant ones have been used in previous contributions, namely:

1. Difference in DPCCH power between the carriers, used e.g. in [2], and

2. Difference in total power per carrier, used e.g. in [1].

Too large difference in either of the measures may cause implementation and/or performance problems. The former is an effect of the difference in fading and/or SIR target between the carriers, which typically will not be excessive in practical deployments, at least not when the two carriers are co-sited. The latter includes this difference, but also the possibility that the physical channel setup, such as beta factors, may differ substantially between the carriers. A too large difference in total power between the carriers will have a detrimental effect on the EVM per code on the weaker carrier due to spectral regrowth and image emissions, and thus is undesired. 
Since [2] suggests that a possible A-MPR should depend on power imbalance, both definitions have been evaluated in this respect. 

2.2. Simulation setup

The simulations have been conducted with a realistic front-end, including RF imperfections and a non-linear PA. As usual, the PA bias is set in order to achieve ACLR=33 dB for a single carrier signal with CM=1 at nominal maximum output power. The set of simulated waveforms is essentially taken from [3], according to the table below.

	Parameter
	Carrier 1
	Carrier 2

	# E-DPDCH
	{1,1,2,2,2,2,4,4,4}
	Same set as for carrier 1, varied independently

	SF
	{8,4,4,4,2,2,2,2,2}
	

	Modulation (PAM)
	{2,2,2,2,2,2,2,4,4}
	

	edc
	{27,42,9,75,60,84,95,95,168}/15
	

	ecc
	{8, 12, 19, 24}/15
	Same power as for carrier 1

	HS-DPCCH
	Off/On
	Off

	hsc
	{0, 12, 19, 24, 30}/15
	- 

	DPDCH
	Off
	Off


Two sets of simulations have been run using different power difference definitions:

A. DPCCH power difference = { -8, 0, 8 } dB

B. Total carrier power difference = { -10, 0, 10 } dB

Set A will show a continuum of total power difference, whereas set B will show a continuum of DPCCH power difference, as shown in Figure 1.
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Figure 1  Distribution of power differences for sets A and B.
Note that the batch includes several configurations that leads to excessive power differences in either DPCCH or total power per carrier, and therefore could be considered impractical. However, they are part of this analysis.
2.3. Simulation results

For all simulated configurations, the NS_03 emission mask was fulfilled, let alone with rather small margins for some configurations. The spectrum emissions for the configuration in set A that shows the smallest margin is depicted in Figure 2. The margin at 30 kHz measurement bandwidth is 1-1.5 dB, which will be slightly higher if computed using 1 MHz measurement bandwidth as is prescribed at these frequencies.
[image: image2.emf]-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

x 10

7

-70

-60

-50

-40

-30

-20

-10

0

10

Frequency [Hz]

PSD [dBm / 30 kHz]

 

 

TX spectrum

LTE mask 10 MHz

NS_03 mask


Figure 2  Emissions from the configuration in set A with smallest margin towards the NS_03 mask at the 6 MHz breakpoint.
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Figure 3  Margin towards the NS_03 mask at the 6MHz breakpoint for set A.
The distribution of margins as a function of total power difference between the carriers using set A is shown in Figure 3. As can be seen, there is some tendency that higher power difference leads to smaller margins, but the results are not conclusive. The set of points that show very good margins that increase with higher power difference all have in common that no MPR is needed to achieve ACLR = 33 dB. Instead, these signals behave more and more like single-carrier signals, and if the CM is sufficiently low, no MPR is needed (or allowed) but ACLR becomes greater than 33 dB at nominal maximum output power.
If instead set B is used, the distribution of margins as a function of DPCCH power difference between the carriers is shown in Figure 4. As seen in the figure, there is no indication that small margins occur only at large DPCCH power differences. Thus, any A-MPR that is introduced should not be a function of the DPCCH power imbalance. 

Both Figure 3 and 4 indicate that there might actually be no need for A-MPR to fulfill the NS_03 spectrum mask. Even if the margins in these simulations are rather small, one should bear in mind that ACLR is set to 33 dB in the simulations, which is not realistic in practice. A reasonable implementation margin for ACLR will improve the margins towards the spectrum mask as well, and therefore it cannot be concluded from these simulations that any A-MPR is needed at all. Furthermore, the margins will improve due to 1 MHz measurement bandwidth rather than 30 kHz which has been used in these results. 
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Figure 4  Margin towards the NS_03 mask at the 6 MHz breakpoint for set B
3. Conclusion

Simulations have been performed in order to assess if A-MPR is needed in order to fulfill the FCC requirements that are captured by the NS_03 spectrum mask. The simulations using realistic PA and TX front end models indicate that there may be no such need. Margins in the order of 1.5 dB is indicated, when ACLR1 is set to 33 dB. Thus, with some realistic implementation margin, the margins towards the NS_03 mask will also improve.
It has also been shown that the NS_03 margin shows some dependence on the total power difference between the two carriers, whereas no such dependence on the DPCCH power difference can be seen. Thus, if an A-MPR is allowed, and it is decided to have it depend on the power imbalance, it is proposed that the total power difference, rather than the DPCCH power difference be used. 
The contribution has brought to attention that it may be important how to define the power imbalance for different purposes. In some cases the DPCCH power difference may be relevant, and in others the total carrier power difference.
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