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1. Introduction
In this contribution we present considerations for non-contiguous allocations (aka “Multi-Cluster”) for single CC MPR.
2. Discussion
2.1 Simulation and Test Conditions
For this case the general conditions were used to compute the MPR. The table below shows the General Spectrum emissions minimum requirement.  
Table 6.6.2.1.1-1: General E-UTRA spectrum emission mask 

	Spectrum emission limit (dBm)/ Channel bandwidth
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	10
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	-13
	-13
	-13
	1 MHz

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

	( 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

	( 15-20
	
	
	
	
	-25 
	-13 
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	( 20-25
	
	
	
	
	
	-25 
	1 MHz


The study was conducted with 10, 15 and 20 MHz 2  cluster waveforms using an Envelope Tracking PA. 16QAM modulation was used since it has been found to be the most restrictive waveform for emissions in previous studies.
Spurious emissions limit was -30dBm with 1MHz measurement bandwidth.
The following ACLR limits were used.

· UTRAACLR1 = 33dB

· UTRAACLR2 = 36dB

· E-UTRAACRL = 30dB
Simulation conditions were:

· PA operating point: with fully allocated REL-8 100RB QPSK signal UTRAACLR1 = 33 dBc with Pout = 22 dBm.
· Modulator IQ – image = 25 dB

· Modulator carrier leakage = 25 dBc

· Modulator C_IM3 = 60 dBc
2.2 General MPR Table for Non-contiguous Allocation in single CC
Figure 1 shows the MPR simulated for about 80,000 waveforms. The tentative MPR mask is shown in solid blue, with a mask that would encompass all the cases shown as a dashed blue line.
                        [image: image1.emf]
Figure 1: Required backoff with 100RB 16QAM
For the modified mask the MPR equation would be as shown below.
----------------------------------------------------------------------------------------------------------------------------------------------

For transmissions with non-contiguous resource allocation in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power in table 6.2.2A-1, is specified as follows

MPR = CEIL {MA, 0.5}

Where MA is defined as follows

MA  =  9.6,






; 0< A ≤0.35

              14.84 – 14.98 A,
       ; 0.35 < A ≤ 0.77








                         3.31,


       

;  0.77 < A ≤ 1.0

Where 


A = NRB_alloc / NRB_agg.


CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR∈[3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5  8.0 8.5 9.0 9.5 10.0]
2.3 Analyzing Previously Proposed Method to reduce MPR based on IM reach considerations
In recent RAN4 meetings there has been discussion and study in order to reduce the MPR required by predicting the intermod locations from the RB configuration and applying different rules accordingly[1,2]. The spirit of this approach is considered here with the goal of reducing the MPR in those cases.
First, we simulated the approach offered in [2] for CA, extending it to single CC non-contiguous allocations.   That is, we considered only the waveforms for which the 5rd order IMs did not extend to the -25dBm/MHz SEM region:
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Figure 2
Required Backoff for the Worst Waveforms Considering the Position of 5th Intermods Only
(5th Order Intermods Reach Short of the -25dBm/MHz Outermost SEM Region)

Observation 1:  For non-contiguous allocations (aka “Multi-cluster”) within 1CC, focusing on the reach of 5th order intermod only does not significantly reduce the required MPR from the general MPR table

2.4 New Method to reduce MPR based on IM reach considerations

Noting observation 1, we looked at finding a new approach that would both be helpful in reducing the MPR and also be applicable to a large number of useful waveforms.
In our study, two characteristics of RB configurations were found to be significant for high MPR. One category included waveforms with 3rd order intermod products that fell into the UTRA ACLR2 frequency range. We found this to be of primary importance.  
The other was waveforms with the 5th order intermod products falling into the outermost part of the SEM, where the emissions requirement is -25dBm/MHz (usually the outermost 5MHz region of the SEM).  The latter had of course already been considered previously in [1,2].  Even worse of course was when IM5 reached the spurious domain.
We found that considering both conditions together offers the best opportunity for the desired MPR improvement.  That is, the optimal waveforms are those for which IM3 stays inside (and hence avoids reaching) UTRA2 ACLR, and also IM5 stays inside (and hence avoids reaching) the -25dBm/MHz SEM region.
To better understand the Inter-mod reach conditions, we define the offset conditions more precisely below.  For clarity, the offsets are defined from center of the channel:

SEM5 = 1.5*(Channel bandwidth)
UTRA2 = (Channel bandwidth)/2 + BWUTRA
∆𝐼𝑀5=max(|𝐹𝑐 − (3∗𝐹𝑎𝑙𝑙𝑜𝑐_𝑙𝑜𝑤 − 2∗𝐹𝑎𝑙𝑙𝑜𝑐_ℎ𝑖𝑔ℎ)|,|𝐹𝑐 − (3∗𝐹𝑎𝑙𝑙𝑜𝑐_ℎ𝑖𝑔ℎ  − 2∗𝐹𝑎𝑙𝑙𝑜𝑐_𝑙𝑜𝑤)|)
∆𝐼𝑀3=max(|𝐹𝑐 − (2∗𝐹𝑎𝑙𝑙𝑜𝑐_𝑙𝑜𝑤 − 𝐹𝑎𝑙𝑙𝑜𝑐_ℎ𝑖𝑔ℎ)|,|𝐹𝑐 − (2∗𝐹𝑎𝑙𝑙𝑜𝑐_ℎ𝑖𝑔ℎ − 𝐹𝑎𝑙𝑙𝑜𝑐_𝑙𝑜𝑤)|)
After a simulation study was able to reduce the waveforms in the desired set with worst performance, a careful measurement was conducted to more precisely determine required MPR.  Here is a plot from one such key waveform that is very informative, and can help intuitively understand the result we are presenting:
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Figure 3: Measured IM3, IM5 and IM7 performance for 1RB plus 1RB Non-Contiguous Allocations in 1CC
The key measurement result is summarized here.  The IM3 level (versus single RB, not total power) is -30.3 dBc, the IM5 level is -37.6 dBc, and the IM7 level is measured to be -44.1 dBc.  Here are some important observations:

Observation 2:  IM3 is found to be able meet UTRA1 ACLR (-33 dBc).  IM3 would have failed UTRA2 ACLR
Observation 3:  IM7 falls in the spurious emissions region.  To meet requirement, 6dB MPR is required. 

Computation (  IM7 (dBm) = 20dBm (1RB power) – 6dB MPR – 44.1 dBc = -30.1 dBm
Observation 4:  IM5 fails -25dBm/MHz even with 6dB MPR (however the set of waveforms avoids this region)
Computation (  IM5 (dBm) = 20dBm (1RB power) – 6dB MPR – 37.6 dBc = -23.6 dBm

The combination of Observation 2, 3 and 4 leads to our useful result.  For the set of waveforms for which IM3 avoids reaching UTRA2 ACLR, and for which IM5 also avoids reaching the -25dBm/MHz SEM region, a reduced MPR = 6dB can be considered.  This MPR is driven by IM7 falling into the spurious domain.  

Finally we state that it appears a large portion of the Non-Contiguous Allocation waveforms will benefit from this MPR reduction.  From the roughly 5,000 waveforms analyzed for 10MHz, 45% of the waveforms would benefit.  From the roughly 9,000 analyzed for 15MHz LTE, 42.5% would benefit.  And, from the roughly 22,000 waveforms analyzed for 20MHz LTE, 30.1% of the waveforms would benefit.
3. Conclusions
In this contribution we present simulations for non-contiguous allocation within single CC for MPR. We show that applying conditions whereby computing the position of the 3rd order and 5th order intermods and avoiding key sensitive emissions regions of UTRA2 ACLR and -25dBm/MHz SEM region respectively, the MPR can be reduced to 6 dB.  We also indicate that a fairly large proportion of non-contiguous allocation waveforms stand to benefit from this approach.
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