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Introduction
For contiguous carrier aggregation with non-contiguous resource allocations, several previous contributions have proposed methods for reducing the MPR allowed for allocations for which the reach of the fifth order IM’s is limited.  The simulations provided in relation to these proposals have focused on the case of two aggregated 20 MHz component carriers [1, 2].  However, carrier aggregation Bandwidth Class C allows for five different combinations of two component carriers and these are 20 MHz  + 20 MHz (BWChannel_CA = 39.8 MHz), 15 MHz + 20 MHz (BWChannel_CA = 34.85 MHz), 15 MHz + 15 MHz (BWChannel_CA = 30 MHz), 10 MHz + 20 MHz (BWChannel_CA = 29.9 MHz), and 5 MHz + 10 MHz (BWChannel_CA = 24.95 MHz).  

In this contribution, simulation results are provided for all of the allowed component carrier combinations in Bandwidth Class C.  These simulation results seem to indicate that proposals presented in [3] allow MPR that is sufficient to meet the emissions requirements for all component carrier combinations in carrier aggregation Bandwidth Class C.
Simulation Setup
Simulations were performed to determine the MPR required for multi-cluster transmissions with contiguous aggregation of two component carriers.  For each combination of component carriers, a total of 10,000 simulations were performed. In each of these simulations, one PUSCH cluster was on each component carrier.  The modulation used in all simulations was 16 QAM.

The following emissions requirements were applied:

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

The nominal channel spacing between adjacent component carriers is specified in TS 36.101 [4] and is given in Table 1.  The nominal channel spacing was used in the simulations.

Table 1: Nominal carrier spacing for various combinations of component carriers

	CC combination
	Number of RB’s
	Aggregated Bandwidth BWChannel_CA
	Nominal Carrier Spacing
	Number of RE’s in the gap between CC’s

	20 MHz + 20 MHz
	50RB+100RB
	39.8 MHz
	19.8 MHz
	120 RE’s

	15 MHz + 20 MHz
	75RB+75RB
	34.85 MHz
	17.1 MHz
	90 RE’s

	15 MHz + 15 MHz
	75RB+75RB 
	30 MHz
	15 MHz
	100 RE’s

	10 MHz + 20 MHz
	50RB+100RB
	29.9 MHz
	14.4 MHz
	60 RE’s

	5 MHz + 20 MHz
	50RB+100RB
	24.95 MHz
	11.7 MHz
	30 RE’s



The spurious requirement is a function of carrier 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.  Since the MPR that is allowed applies both above and below 1 GHz, both spurious requirements must be met and thus both requirements were applied in the simulations.

The general E-UTRA CA spectrum mask from TS 36.101 [4] was also applied and is given below:

Table 2 (TS36.101 Table 6.6.2.1A-1): General E-UTRA CA spectrum emission mask for Bandwidth Class C
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	25RB+100RB
(24.95MHz)
	50RB+100RB
(29.9 MHz)
	75RB+75RB (30 MHz)
	75RB+100RB
(34.85 MHz)
	100RB+100RB
(39.8 MHz)
	Measurement bandwidth

	 0-1
	-22
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

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

	 5-24.95
	-13
	-13
	-13
	-13
	-13
	1 MHz

	 24.95-29.9
	-25
	-13
	-13
	-13
	-13
	1 MHz

	 29.9-29.95
	-25
	-25
	-13
	-13
	-13
	1 MHz

	 29.95-30
	
	-25
	-13
	-13
	-13
	1 MHz

	 30-34.85
	
	-25
	-25
	-13
	-13
	1 MHz

	 34.85-34.9
	
	-25
	-25
	-25
	-13
	1 MHz

	 34.9-35
	
	
	-25
	-25
	-13
	1 MHz

	 35-39.8
	
	
	
	-25
	-13
	1 MHz

	 39.8-39.85
	
	
	
	-25
	-25
	1 MHz

	 39.85-44.8
	
	
	
	
	-25
	1 MHz



The impairments used in the simulations were the following:

· Modulator IQ – image = -25 dB
· Modulator carrier leakage = -25 dBc
· Modulator C_IM3 = -60 dBc
The operating points of the PA’s were set such that the UTRAACLR1 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.

Simulation Results
General Results
The MPR needed to meet all of the emissions requirements are shown in Figures 1-5 for each of the five allowed component carrier combinations.  The MPR allowed for intra-band contiguous carrier aggregation Bandwidth Class C is specified in TS 36.101 as:

MPR = CEIL {MA, 0.5}
where MA is defined as follows 

MA = 	8.2			; 0 ≤ A < 0.025
				9.2 - 40A 		; 0.025	≤ A < 0.05
				8 – 16A			; 0.05	≤ A < 0.25
				4.83 – 3.33A		; 0.25  ≤ A ≤ 0.4,
3.83 – 0.83A		; 0.4  ≤ A ≤ 1,
and 
			A = NRB_alloc / NRB_agg.

From Figures 1-5, it can be observed that the allowed MPR is at least marginally adequate for all bandwidths, especially when considering that the specified MPR is rounded up to the next highest multiple of 0.5 dB.

It can also be observed that as the aggregated bandwidth is decreased, the region of high MPR is pushed slightly to the right.  The reason for this trend is that the largest MPR is typically associated with small allocations, and these small allocations map to larger allocation ratios as the aggregated bandwidth (and the number of aggregated RB’s) is reduced.   For example, a 10 RB allocation maps to an allocation ratio of 0.05 for the aggregation of two 20 MHz CC’s, but maps to an allocation ratio of 0.08 for the aggregation of a 5 MHz CC with a 20 MHz CC.

Results for Allocations with Restrictions on the Span of the Fifth Order IM’s
For non-contiguous resource allocations, the span of the fifth order intermodulation products is given by the frequency interval

,

where Fagg_alloc_low and Fagg_alloc_high are used to denote the lowest and highest frequency of the transmitted resource blocks of the non-contiguous resource allocation for the contiguously aggregated carriers.  For a given non-contiguous resource allocation, we define IM5 as the maximum distance of any fifth order intermodulation product from the center frequency FC_agg of the contiguously aggregated carriers.  With this definition, IM5 can be expressed as

IM5 = max( | FC_agg  – (3*Fagg_alloc_low – 2*Fagg_alloc_high) |,  | FC_agg  – (3*Fagg_lloc_high – 2*Fagg_alloc_low) | )

Proposals have been made in previous contributions which would reduce the MPR allowed for some non-contiguous resource allocations, depending on the span of their fifth order intermodulation products (IM’s).  In particular, we consider the Proposal 3 from [3].

Proposal 3[3]:
For contiguous intra-band carrier aggregation of two component carriers, the MPR for any non-contiguous resource allocation for which 

,
MPR is limited to the minimum of the MPR currently specified in Section 6.2.3A and 4.5 dB.  For any non-contiguous resource allocation for which 

,
MPR is limited to the minimum of the MPR currently specified in Section 6.2.3A and 5.5 dB.

This proposal limits the MPR allowed for non-contiguous resource allocations for which the fifth order IM’s do not reach the outermost 5 MHz of the SEM to the minimum of the MPR currently specified in Section 6.2.3A and 4.5 dB.  In the case that the fifth order IM’s reach the outermost 5 MHz of the SEM but do not reach the spurious domain, the MPR is limited to the minimum of the MPR currently specified in 6.2.3A and 5.5 dB

The MPR needed to meet all of the emissions requirements is shown in Figures 6-10 for each of the five allowed component carrier combinations for non-contiguous resources allocations for which the fifth order IM does not reach the outermost 5 MHz of the SEM.  The proposed MPR restriction of 4.5 dB from Proposal 3 for these allocations is also shown in Figures 6-10.  Based on these simulation results, the MPR can be limited to 4.5 dB when the fifth order IM’s do not reach the outermost 5 MHz of the SEM for all five combinations of component carrier bandwidth combinations.

The MPR needed to meet all of the emissions requirements is shown in Figures 11-15 for each of the five allowed component carrier bandwidth combinations for non-contiguous resources allocations for which the fifth order IM does not reach the spurious domain.  The proposed MPR restriction of 5.5 dB from Proposal 3 for these allocations is also shown in Figures 11-15.  Based on these simulation results, MPR can be limited to 5.5 dB when the fifth order IM’s do not reach the spurious domain for all five combinations of component carrier bandwidth combinations.
Conclusion
In this contribution, simulation results are provided for all of the allowed component carrier bandwidth combinations in Bandwidth Class C.  These simulation results seem to indicate that proposals presented in [3] allow MPR sufficient to meet the emissions requirements for all component carrier bandwidth combinations in carrier aggregation Bandwidth Class C.
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Figure 1: MPR needed to meet SEM, ACLR, and spurious requirements as a function of allocation ratio for BWChannel_CA = 39.8 MHz (CC’s of 20 MHz and 20 MHz with nominal spacing)




Figure 2: MPR needed to meet SEM, ACLR, and spurious requirements as a function of allocation ratio for BWChannel_CA = 34.85 MHz (CC’s of 15 MHz and 20 MHz with nominal spacing)

Figure 3: MPR needed to meet SEM, ACLR, and spurious requirements as a function of allocation ratio for BWChannel_CA = 30 MHz (CC’s of 15 MHz and 20 MHz with nominal spacing)




Figure 4: MPR needed to meet SEM, ACLR, and spurious requirements as a function of allocation ratio for BWChannel_CA = 29.9 MHz (CC’s of 10 MHz and 20 MHz with nominal spacing)

Figure 5: MPR needed to meet SEM, ACLR, and spurious requirements as a function of allocation ratio for BWChannel_CA = 24.95 MHz (CC’s of 5 MHz and 20 MHz with nominal spacing)


Figure 6: MPR needed to meet SEM, ACLR, and spurious requirements for  < 1.5 x BWChannel_CA (fifth order IM’s do not reach outermost 5 MHz of SEM).  BWChannel_CA = 39.8 MHz.




Figure 7: MPR needed to meet SEM, ACLR, and spurious requirements for  < 1.5 x BWChannel_CA (fifth order IM’s do not reach outermost 5 MHz of SEM).  BWChannel_CA = 34.85 MHz.

Figure 8: MPR needed to meet SEM, ACLR, and spurious requirements for  < 1.5 x BWChannel_CA (fifth order IM’s do not reach outermost 5 MHz of SEM).  BWChannel_CA = 30 MHz.




Figure 9: MPR needed to meet SEM, ACLR, and spurious requirements for  < 1.5 x BWChannel_CA (fifth order IM’s do not reach outermost 5 MHz of SEM).  BWChannel_CA = 29.9 MHz.

Figure 10: MPR needed to meet SEM, ACLR, and spurious requirements for  < 1.5 x BWChannel_CA (fifth order IM’s do not reach outermost 5 MHz of SEM).  BWChannel_CA = 24.95 MHz.



Figure 11: MPR needed to meet SEM, ACLR, and spurious requirements for  < 1.5 x BWChannel_CA + 5 MHz (fifth order IM’s do not reach spurious).  BWChannel_CA = 39.8 MHz.

Figure 12: MPR needed to meet SEM, ACLR, and spurious requirements for  < 1.5 x BWChannel_CA + 5 MHz (fifth order IM’s do not reach spurious).  BWChannel_CA = 34.85 MHz.




Figure 13: MPR needed to meet SEM, ACLR, and spurious requirements for  < 1.5 x BWChannel_CA + 5 MHz (fifth order IM’s do not reach spurious).  BWChannel_CA = 30 MHz.

Figure 14: MPR needed to meet SEM, ACLR, and spurious requirements for  < 1.5 x BWChannel_CA + 5 MHz (fifth order IM’s do not reach spurious).  BWChannel_CA = 29.9 MHz.




Figure 15: MPR needed to meet SEM, ACLR, and spurious requirements for  < 1.5 x BWChannel_CA + 5 MHz (fifth order IM’s do not reach spurious).  BWChannel_CA = 24.95 MHz.
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