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1. Introduction
In this contribution we present additional vendor PA measurements for non-contiguous allocations (aka “Multi-Cluster”) for single CC MPR.  This is following up on requests made for this information after our previous submission on this subject [1], where we recommended a MPR reduction method based on position of both 3rd and 5th order IMs.  Our original submission was based on measurement of high efficiency PA from a single 3rd party High Efficiency PA vendor.  Here, we add measurement results for 2 more HEPA vendors.  We also show our previously submitted simulation results for an update to the general MPR mask for Non-Contiguous Allocations.
2. Discussion
2.1 Simulation and Test Conditions
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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	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
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	-13
	-13
	-13
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	( 6-10
	
	
	-25
	-13
	-13 
	-13 
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	( 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

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


Our 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
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 16QAM modulation
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 MPR Reduction based on IM Reach
Noting that it is desirable to have smaller MPR than the general MPR table for a large subset of the waveforms, in [1] we proposed a method for MPR reduction based on the positions of IM3 and IM5.  More specifically, we recommended that for ∆𝐼𝑀3< UTRA2 AND ∆𝐼𝑀5 < SEM5 , MPR can be limited to 6dB.  The terms are defined as follows (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)|)
That is, the waveforms for which MPR reduction applies are those for which IM3 stays inside (and hence avoids reaching) UTRA2 ACLR, while IM5 also stays inside (and hence avoids reaching) the -25dBm/MHz SEM region.
We had gotten to this conclusion 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 on a 3rd party PA vendor.  The key measurement result is summarized here.  The measurement result shared is with a worst case waveform with 1RB in each cluster (so total 2RBs in the waveform).  The IM3 level (versus single RB power, 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 1:  IM3 is found to be able meet UTRA1 ACLR (-33dBc).  IM3 would have failed UTRA2 ACLR





Note:  Computer ACLR from IM3 is 3dB better than quoted IM3 dBc since total signal power is 3dB higher
Observation 2:  IM7 falls in the spurious emissions region.  To meet requirement, 6dB MPR is required. Note, relative nonlinearity in HEPA is expected to not vary over topmost region of UE dynamic range.
Computation (  IM7 (dBm) = 20dBm (1RB power) – 6dB MPR – 44.1 dBc = -30.1 dBm
Observation 3:  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
2.3 Additional measurements of 3rd party HEPA vendors

Here, to add further validation, we include IM3, IM5 and IM7 measurements of 2 additional HEPA vendors.  These plus the original measurement cited above are shown together in Table 1.  The results are very consistent and validate our original conclusion of 6dB MPR.
Table 1: HEPA PA IM3, IM5 and IM7 measurements from multiple vendors for 1RB + 1RB waveform
	 
	single RB to single sided IM ratio

	HEPA PA Vendor
	IM3 (dBc)
	IM5 (dBc)
	IM7 (dBc)

	A
	-30.3
	-37.6
	-44.1

	B
	-30
	-37
	-45

	C
	-30
	-39
	-44.6


3. Conclusions
In this contribution, additional measurements from 2 more 3rd party HEPA vendors are provided. This data also validates that MPR reduction to 6dB can be achieved when IM3 stays inside UTRA2 ACLR and IM5 stays inside the -25dBm/MHz SEM region. 
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