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1. Introduction

A significant new feature in the eLAA Rel-14 work item is the introduction of uplink in the unlicensed band.  Maximum output power and MPR are important parameters to define in order to balance the need for uplink link budget as well as UE power efficiency.  This contribution provides a preliminary MPR analysis with stated assumptions.    
2. Discussion  
In order to evaluate MPR, several aspects must first be agreed

· Uplink waveform definintion,
· General emission requirements and other Tx requirements, i.e., EVM for higher order modulation, that set linearity requirements, and
· PA model.
2.1. Uplink waveform

The eLAA uplink interlaced waveform from RAN1 has been confirmed by RAN4 [1].  The fundamental building block in the eLAA uplink waveform is an interlace defined as 10 RB’s spaced evenly across the channel, for example occupying RB’s N, N+10, N+20, … N+90 where N = {0, 1, 2, … 9}.  Multiple interlaces can be scheduled to a given UE and it is assumed that all RB’s are transmitted with equal PSD.

2.2. Tx linearity requirements

Tx linearity requirements are usually set by general emission requirements such as ACLR, SEM, and spurious emissions.  Recently, with the introduction of higher order modulation in the uplink such as 64QAM and 256QAM, it has been found that Tx EVM may also impose a linearity constraint.  Note that the additional spurious emission requirements are treated separately by NS and A-MPR.  MPR, the subject of this paper, relates to the least-restrictive general requirements applicable by default under NS_01.  The traditional approach is to calibrate the linearity capability of the transmitter to just meet the existing UTRA and E-UTRA specifications, and determine what amount of backoff is necessary to meet new requirements.  Therefore, it is a pre-requesite to understand what the new requirements imposed by eLAA uplink are before MPR analysis can be conducted, or the two might be done iteratively.  In [3], we propose the set of general Tx requirements for eLAA.
2.3. PA model

Once the waveform and linearity requirements are known, a model for the PA must be obtained or derived in order to assess the MPR needs.  One of the unique challenges to be overcome are that there are no available commercial PA’s for LTE operating in the 5 GHz frequency range.  The closest available PA’s are for TDD in 2.6 GHz or 3.5 GHz.  Also, there are 5 GHz WiFi PA’s available, but their output power is not sufficient to deliver the maximum output power expected of a class 3 device.  A second aspect to consider is how to properly calibrate the PA model.  In [2], a question was posed whether it was more appropriate to calibrate the PA against class 3 E-UTRA and UTRA requirements as has been traditionally done, or whether to calibrate against WiFi linearity metrics.  It was mentioned in ensuing discussion that the either method yields the same approximate calibration since the WiFi PA while operating at a lower average output power set point must be designed to tolerate a higher peak-to-average waveform.  We proceed with this line of reasoning such that calibration of the PA model using class 3 output power levels and E-UTRA/UTRA linearity requirements can be used for eLAA as well.  This is the approach followed below.

2.4. Study results
Waveforms consisting of a single interlace of 10 RB’s (placed at either edge and in the middle of each cluster and denoted as 1000000000, 0000000001, and 0000100000) across the 20 MHz channel were considered using QPSK, 16QAM, and 64QAM modulation.  The Tx linearity requirements are assumed to be as proposed in [3].  Notably, the general Tx requirements closely mirror those for LTE.  For the PA, a pre-production development version of a 5 GHz LTE PA was obtained for measurements as well as 2.6 GHz and 3.5 GHz TD-LTE PA’s.  All of these PA’s were calibrated against existing UTRA/E-UTRA ACLR requirements as typically done.  No region-specific restrictions, for example a PSD limit of 10 or 11 dBm/MHz, transmit mask other than the general LTE SEM, or emission requirements to protected bands, have been included since those are envisioned to be signaled by NS and covered with A-MPR in a subsequent study.  

	Modulation
	PA1 (2.6 GHz)
	PA2 (3.5 GHz)
	PA (5 GHz)
	Limiting requirement

	QPSK
	2.2
	2.5
	2.4 
	ACLR

	16QAM
	2.7
	2.9
	3
	ACLR

	64 QAM
	3.5
	4
	3.8
	EVM


It was found that the limiting requirement for QPSK and 16QAM is UTRA ACLR, closely followed by E-UTRA ACLR, and then SEM.  The limiting requirement for 64QAM was EVM of 4%.
Due to the fact that the waveform is new, additional measurements were conducted to evaluate the frequency and temperature dependence.  It was found that there is little dependency on frequency; however, a small but consistent impact due to temperature was observed that was not predicted by the traditional method of calibrating the room temperature PA to E-UTRA linearity limits.  Despite calibrating at room temperature to E-UTRA linearity limits, when the device was recalibrated at temperature to E-UTRA linearity limits, the MPR was found to be slightly higher than the room temperature calibrated PA.  This suggests that the traditional method of calibration applied to the eLAA waveform may be underestimating the necessary backoff slightly since the bias was observed to be consistent across multiple trials.  
	Modulation
	Waveform
	Temperature
	PA1 (2.6 GHz)
	PA2 (3.5 GHz)
	PA (5 GHz)

	QPSK
	0000000001
	-10
	
	2.7
	

	
	0000000001
	25
	
	2.5
	

	
	0000000001
	70
	
	2.3
	

	16QAM
	0000000001
	-10
	
	3.2
	

	
	0000000001
	25
	
	2.9
	

	
	0000000001
	70
	
	2.7
	

	64 QAM
	0000000001
	-10
	
	4.2
	

	
	0000000001
	25
	
	4
	

	
	0000000001
	70
	
	3.9
	


It can be seen that at cold temperature, the required MPR is 0.2 to 0.3 dB higher than predicted by the traditional method of calibration.  

The data therefore suggests that appropriate MPR for eLAA as a function of modulation could be 3 dB, 3.5 dB, and 4.5 dB for QPSK, 16QAM, and 64QAM, respectively.

Other contributions showed 2.5 dB for ACLR [4], 3.5 dB for similar linearity between uniform and non-uniform spaced interleaving as measured by EVM [5], and 3 dB for ACLR [6].   Subsequent to presentation of  [2], the PA models have been slightly updated as well as the baseband waveform used in the measurements.  With updated models, the simulations now show the necessary MPR as 3 to 4.5 dB which is fairly consistent with the findings of other companies.  
3. Conclusion
This contribution presents an evaluation of MPR required for the eLAA waveform to meet general Tx requirements.  The assumptions taken in this study were an interlaced waveform as defined by RAN1, existing LTE linearity requirements govered by ACLR, SEM, spurious emissions, and EVM, and PA calibration against these parameters at room temperature.  It was found that QPSK and 16QAM waveforms were limited by ACLR requirements, whereas 64QAM was limited by EVM.  Moreover, it was found that the method of calibration at room temperature consistently underestimated the necessary backoff at cold temperature by 0.3 dB.  Finally, a proposal for MPR is provided based on these measurements for 3 dB, 3.5 dB, and 4.5 dB for QPSK, 16QAM, and 64QAM, respectively.  We note that this MPR is defined relative to a maximum output power of 23 dBm.  An alternative formulation as suggsted in [3] is to define the maximum output power for eLAA in Band 46 to be 20 dBm.  In this case, the MPR defined relative to this maximum output power would be 0 dB, 0.5 dB, and 1.5 dB.
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