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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 waveform has not been formally agreed by RAN1 yet; however, a working assumption has been adopted [1].  According to the RAN1 working assumption for a 20 MHz channel, 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, 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 [2], 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.  As mentioned above, the traditional method of calibration has been against UTRA and E-UTRA requirements since the UE will be operating in a homogeneous environment among other UTRA and E-UTRA devices.  The linearity and power efficiency of all devices is within the same range.  On the other hand, in the 5 GHz unlicensed band, it is anticipated that WiFi devices (AP and STA) will also be present.  Therefore, there are two approaches to calibrating the PA.  The first is to calibrate against UTRA/E-UTRA for linearity and derive MPR necessary to meet requirements.  The second approach is to calibrate against WiFi linearity assuming that the PA’s for this band should be more “WiFi-like”.  It is not clear how to properly calibrate against WiFi linearity, however, since the WiFi specifications allow for significant flexibility in implementation.  If this approach should be considered, we encourage suggestions from other companies.
2.4. Measurement results
In this section, preliminary measurement results are presented for MPR.  The uplink waveform according to the RAN1 working assumption is used.  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 as well as waveforms with 5 interlaces allocated to every other RB (denoted as 0101010101 and 1010101010) for a total of 50 RB’s across the channel.  Both QPSK and 16QAM modulations were included, but 64QAM not yet studied, and all RB’s are assumed to be transmitted with equal power to achieve uniform PSD across all allocated RB’s.  The Tx linearity requirements are assumed to be as proposed in [2].  Notably, the general Tx requirements closely mirror those for LTE including a maximum output power of 23 dBm.  An exception is ACLR for which UTRA ACLR has been removed and E-UTRA ACLR has been assumed to be relaxed consistent with the relaxation of ACLR in the basestation specification, and in order to lower the MPR for eLAA.  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 requirements, rather than to try to calibrate against WiFi linearity.  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.
The MPR results are summarized in the table below.  The values in the “E-UTRA ACLR limited” columns represent the MPR required if the E-UTRA ACLR is maintained at 30 dB, but UTRA ACLR is removed.  The values in the “SEM limited” column represent the MPR required if the E-UTRA ACLR is relaxed to 25 dB and UTRA ACLR is removed.  Measurements have not yet been completed for the fully allocated waveform and for 64QAM modulation.  
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Figure 1.  Preliminary measurements of MPR required for eLAA UL waveform to meet general requirements.
A few observations can be made from the measured results.  The first is that the power backoff required to meet general requirements is in the range of 1 to 2 dB.  This is on the order of the same backoff allowed today for SC-FDMA waveforms as a function of allocation size and modulation type, so the maximum MPR does not seem overly restrictive.  One difference is that there does not appear to be any waveform that can be transmitted with zero MPR.  In that sense, if these MPR values are adopted, it may be simpler to define the maximum output power to be one dB lower rather than to have MPR values always in excess of 1 dB.  A second observation is that 16QAM MPR is approximately 0.5 dB larger than QPSK MPR.  This is smaller than the 1 dB difference between the two of them offered for LTE.  Lastly, it is observed that relaxing E-UTRA ACLR consistent with basestation relaxation translates to the ability to transmit with approximately 0.5 dB higher output power before SEM becomes limiting.
While the measurements are not yet complete and are only preliminary, it is estimated that MPR can be defined as 1 dB for QPSK modulation and 1.5 dB for 16QAM modulation when SEM limited.

3. Conclusion
This contribution presents an initial evaluation of MPR required for the eLAA waveform to meet general Tx requirements.  Underlying this evaluation is the working assumption in RAN1 on the uplink waveform definition, an assumption of the general Tx requirements, as well as TD-LTE PA’s for 2.6 GHz, 3.5 GHz, and 5 GHz calibrated to meet LTE linearity requirements.  This study suggests that the MPR required for eLAA under these conditions is less than 2 dB, which is consistent with the maximum MPR allowed today for LTE waveforms of QPSK and 16QAM modulation. 
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