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Introduction
The topic of MPR for multi-cluster transmission has been discussed extensively in RAN4 over the past year.  The specification of a multi-cluster MPR mask for multiple contiguous component carriers has been agreed in TS 36.101, while the MPR for a single component carrier is still under discussion.  In both cases, the MPR is specified as a function of the allocation ratio only.  An issue with the method is that it bounds the required MPR more than it actually predicts the MPR.  As a result, for many allocations, the allowed MPR is much greater than is actually required.

In this contribution, we examine some of the factors which drive the MPR requirement in order to determine if it is possible to better predict, and thus better specify, the allowed MPR for multi-cluster transmissions.

PA non-linearity contributions to undesired emissions
The power amplifier is typically modelled as a power series.  In some models, the AM-to-AM and PM-to-PM behaviours are captured separately, while in others such as [1], a single power series is used to capture the non-linear behaviour of the PA.  In the latter case, the PA can be modelled as





In general, non-linear terms of the power series generate spectral components both at the carrier frequency and at harmonics of the carrier frequency.  However, only the odd order terms of the power series produce spectral components at the carrier frequency which impact the ACLR domain.  Of these, the dominant contribution to the ACLR domain is from the third order term.  Under some Gaussian assumptions, the power spectrum at the carrier frequency   due to the third order term can be shown to be proportional to 








where  denotes convolution and  is the power spectrum for the allocation at the output of the modulator.  In addition to the desired allocation,  will include contributions from impairments such as LO leakage, IQ image, counter IM3.  In addressing only general emissions requirements such as the general spectral emissions mask (SEM), UTRAACLR1, UTRAACLR2, E-UTRAACLR, and the general spurious emissions requirements, it may not be necessary to include the modulator impairments in .  It can be noted that the third order term given above does not reach beyond the ACLR region, and thus does not impact the spurious domain.



While only odd order terms contribute to emissions in the ACLR region, all non-linear terms contribute to emissions in the spurious domain, either in the neighbourhood of the carrier frequency , or at a harmonic of this frequency.  Even order terms do not contribute to spurious emissions in the neighborhood of the carrier frequency, and as a result, in this region, the dominant contribution to spurious emissions is due to the fifth order term.  Under some Gaussian assumptions, the power spectrum at the carrier frequency  due to the fifth order term can be shown to be proportional to 




The question considered in the remainder of this contribution is whether the above expressions for the emissions due to the third and fifth order terms of the PA non-linearity can be accurately mapped into an MPR requirement for multi-cluster transmissions.
Emissions Requirements
The following emissions requirements are applied:

· UTRAACLR1 = 33 dB
· UTRAACLR2 = 36 dB
· E-UTRAACLR = 30 dB

The spurious requirement is a function of frequency.  Below 1 GHz, the spurious limit is -36 dBm/100kHz, while the spurious limit above 1 GHz is -30dBm/1MHz.  The spurious limit above 1 GHz is thus 4 dB tighter than the limit below 1 GHz with respect to the average power allowed within the measurement bandwidth, though more frequency domain averaging is allowed.

The general emissions requirement from TS 36.101 also applies and is given below

Table 6.6.2.1.1-1: General E-UTRA spectrum emission mask 
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Measurement bandwidth

	 0-1
	-10
	-13
	-15 
	-18
	-20
	-21
	30 kHz 

	 1-2.5
	-10
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	 2.8-5
	
	-10
	-10
	-10
	-10
	-10
	1 MHz

	 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	 6-10
	
	
	-25
	-13
	-13 
	-13 
	1 MHz

	 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

	 15-20
	
	
	
	
	-25 
	-13 
	1 MHz

	 20-25
	
	
	
	
	
	-25 
	1 MHz



It is of some significance that the ACLR requirements are relative power requirements while the spurious emissions and general spectrum emission requirements are absolute requirements.  For this reason, we consider the MPR associated with these requirements separately.

Simulations were performed to determine the MPR required for multi-cluster transmissions with a single 20 MHz component carrier.  All of the simulation points were generated using two clusters.  The modulation was randomly selected from QPSK and 16QAM, and the same modulation was use for both clusters.   It should be noted that only allowed allocations were used for each of the two clusters of each multi-cluster simulation.   A total of 10,000 two cluster transmissions were simulated.

The impairments used for the simulations were the following:

· Modulator IQ – image = -28 dB
· Modulator carrier leakage = -28 dBc
· Modulator C_IM3 = -60 dBc
The operating point of the PA is set such that the UTRAACLR requirement of 33 dB is just met with a 100 RB QPSK allocation.  The output power at which the requirement is just met is defined to be 22 dBm.

It should be noted that a high efficiency PA was not used for these simulations.
Simulation Results


The MPR required to meet all emissions requirements as a function of the allocation ratio is shown in Figure 1, where the allocation ratio is the ratio of the number of allocated RB’s to the total number of allocatable RB’s.  The proposed multi-cluster MPR mask for a single component carrier from TS 36.101 [2] is also shown in Figure 1. The MPR required only to meet the ACLR requirements is shown in Figure 2.  From these results, it can be seen that it is the spurious emissions requirements (with some contribution from the outer 5 MHz of the SEM) that are driving the need for large MPR.  As the emissions due to the third order non-linearity do not extend to this region, we make the general observation that it must be the fifth order term of the PA non-linearity that is driving the need for large MPR values.  Below, we consider whether it is possible to accurately predict the MPR required to meet ACLR and spurious emissions requirements from the spectra and  defined above.


Figure 1: MPR needed to meet ACLR, NS01, and spurious requirement above 1 GHz as a function of allocation ratio


Figure 2: MPR needed to meet all ACLR requirements as a function of allocation ratio

MPR needed to meet ACLR emissions requirements
As noted above, the dominant contribution to the ACLR region is the third order term of the PA non-linearity, the spectrum of which was defined above as



where  is the power spectrum at the output of the modulator.  We define the following ACLR metrics for each allocation:





.

The above ACLR metrics can be combined into a single ACLR metric as follows


,

where the weightings of 2 and 4 are used to account for the fact that the UTRAACLR1 and UTRAACLR2, requirements are 3 and 6 dB tighter, respectively, than the E-UTRAACLR1 requirement.


The MPR needed to meet all ACLR requirements as a function of  is shown in Figure 3.  A few observations can be made with respect to Figure 3:

· 


Even for allocations for which  is 0, as much as 1.5 dB of MPR may be required to meet the ACLR requirements.  Presumably the need for MPR when  is 0 is the result of spectral elements associated with higher order odd terms of the PA nonlinearity, such as .
· In these simulations, the MPR needed to meet all ACLR requirements never exceeded ~3.6 dB.


Figure 3: MPR needed to meet all ACLR requirements as a function of ACLR


For the results in Figure 3, the parameter  was computed using an approximation method in which each multi-cluster uplink allocation was represented as a vector of length NRB (where NRB is the  number of allocatable RB’s for the given bandwidth – in this example, NRB = 100) in which the i-th element of the vector corresponds to the i-th RB.  If the i-th RB is not allocated, the i-th element of the vector is set to 0.   If the i-th element of the RB is allocated, then the value of the i-th element is set to 1/NRB_alloc where NRB_alloc is the number of allocated RB’s.  With this representation, the power of each multi-cluster allocation is unity regardless of the number of allocated RB’s.








Discrete frequency-domain convolutions starting with the above normalized allocation vector are used to compute , which is then used to evaluate the integrals for , , and .  The resulting values for , , and are approximations, but this method is much simpler than that which would be required to compute these values more precisely.
	
MPR needed to meet spurious emissions and SEM requirements
As noted above, the third order term of the PA non-linearity does not contribute to the spurious domain, nor does it contribute to the spectral region covered by the outer 5 MHz of the general E-UTRA spectral emissions mask.  The dominant contribution in this region is due to the 5th order term of the PA non-linearity, for which the spectral response is proportional to




We define the following metrics for the spurious domain









where  applies below 1 GHz and applies above 1 GHz.  The following metric is defined for the outer 5 MHz of the region covered by the general E-UTRA SEM




The above metrics can be combined into single metrics covering the spurious domain and the outer 5 MHz of the general E-UTRA spectral emissions mask.  Below 1 GHz, we have



where the factor of 1.26 is used to account for the fact that the requirement for the outer 5 MHz of the SEM is 1 dB relaxed relative to the spurious requirement below 1 GHz, when both are referred to a 1 MHz bandwidth.  Similarly, above 1 GHz, the combined metric is 




where the factor of 3.16 is used to account for the fact that the requirement for the outer 5 MHz of the SEM is 5 dB relaxed relative to the spurious requirement above 1 GHz. 


The MPR needed to meet all ACLR requirements as a function of  is shown in Figure 4.  A few observations can be made with respect to Figure 4:

· 

Even for allocations for which  is 0, as much as 2 dB of MPR may be required to meet the spurious requirement and the outer 5 MHz of the SEM.  Presumably the need for MPR when  is 0  is due to influence of spectral components due to higher order terms of the PA nonlinearity.

· 

The mapping between  and MPR seems to be very good, so that if such a mapping were to be used for allocations for  reaches the spurious domain, the excess MPR could be significantly reduced for many allocations

· The MPR needed to meet the spurious requirement can far exceed the MPR needed to meet the ACLR requirements.


Figure 4: MPR needed to meet spurious above 1 GHz and outer 5 MHz of NS01 as a function of 2

MPR needed to meet spurious, SEM, and ACLR requirements
The MPR needed for a given allocation can be determined using the above mappings in the following manner

i) 
Use the mapping of MPR vs.  to determine the MPR needed to meet all ACLR constraints.

ii) 

Use the mapping of MPR vs.  or  (depending on if above or below 1 GHz) to determine the MPR needed to meet spurious and SEM requirements.

iii) Take the maximum of the MPR needed to meet the ACLR requirement and the MPR needed to meet spurious requirement.


Since the mapping between  and MPR is very good and it is the spurious and SEM requirement which drives the need for large MPR, it seems that it may be possible to significantly reduce the excess MPR by adopting such a mapping.

Simpler Methods for reducing multi-cluster MPR



From the above results, it is apparent that the need for large MPR values is driven by the spurious requirement.  In particular, it was observed that the MPR needed to meet all ACLR requirements never exceeded ~3.6 dB and that the need for large MPR is driven by the spurious requirement.  Since  is the dominant contributor to the spurious domain, it follows that for allocations for which  does not reach the spurious domain, the required MPR should not exceed 3.6 dB.  



For any allocation, the span of  can be determined in a straightforward manner.  Let fmin and fmax denote the minimum and maximum frequencies of the allocation.  The span of  is then given by the interval


.


Let  be defined as 

.







If  is less than 25 MHz, then  does not reach the spurious domain.  If  is less than 20 MHz, then  does not reach outside the ACLR domain.  The MPR as a function of allocation ratio is shown in Figures 5 and 6 for  less than 20 MHz, and  is less than 25 MHz, respectively.  In both cases it can be seen that the required MPR is less than 3.6 dB, regardless of the allocation ratio.   Based on these results, the following simple proposal can be considered.



Proposal:  If the allocation is such that  is less than 25 MHz, limit the MPR to 4 dB regardless of the allocation ratio.  Thus, for a single component carrier, if  is less than 25 MHz, the allowed MPR would be the minimum of the MPR allowed by the MPR mask and 4 dB.


The resulting MPR mask for allocations for which  is less than 25 MHz is shown in Figure 6.


Figure 5: MPR needed to meet ACLR, NS01, and spurious requirement above 1 GHz for allocations for which  < 20 MHz

Figure 6: MPR needed to meet ACLR, NS01, and spurious requirement above 1 GHz for allocations for which  < 25 MHz
Conclusion
In this contribution, we have examined some MPR mappings for multi-cluster allocations that might be used to better predict the MPR for a given allocation and thus reduce the excess MPR relative to that which results with the current specification.  More specifically, metrics based on the spectra resulting from the third order and fifth order terms of the PA non-linearity were mapped to the MPR required to meet the ACLR and spurious requirements, respectively.  It may be possible to use such mappings to reduce the excess MPR for multi-cluster transmission.




Because the large MPR values are driven by the spurious emissions requirements, it may be simpler to limit the allowed MPR for allocations for which the spectra  due not reach the spurious domain.  In particular, for allocations for which  is less than 25 MHz, it may be possible to limit the allowed MPR, regardless of the  allocation.  Furthermore, for the specific case of multi-cluster transmission with a single component carrier, it should be possible to limit the allowed MPR to 4 dB for multi-cluster allocations for which  does not reach the spurious domain.
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