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1. Introduction

The issue of UE coexistence between adjacent TDD and FDD bands has been addressed since the Release 8 LTE specifications.  For channels which are located in the immediately adjacent portions of the TDD band, it has been agreed that the emission requirements only apply when the network signals a value of 20 dBm for the P-max IE.  In this contribution, we present observations which indicate that this value of P-max may still be too high for the UE to be able to comply with required emission limits.
2. Discussion

For adjacent bands 7 and 38, the emission requirements have been agreed starting in the Release 8 specifications.  For the Band 38 UE, the required emission limit to protect the downlink of Band 7 is -15.5 dBm/5 MHz within the first 25 MHz of Band 7.  In order to be able to fulfill this emission limit without resorting to A-MPR, the specifications define conditions for which this limit applies.  Namely, the uplink allocation must be less than or equal to 54 RB’s depending on carrier placement, or if the Band 38 channel is within the uppermost 5 MHz of the band, then the requirement applies only when the network signals a P-max value of 20 dBm or lower.  It is this second condition that we investigate in this contribution.

The P-max power restriction of 20 dBm was simulated in [1], for example.  It was shown by simulation that the required backoff to meet the -15.5 dBm/5 MHz emission limit was 2.5 dB for all bandwidths 5, 10, 15, and 20 MHz.  However, figure 4 of [1] only shows 10, 15, and 20 MHz waveforms, and the title for the figure is “Required A-MPR for Band 38 to meet ETSI EN 301 908-13 V5.1.1 requirements without guardband.”  However, the caption and the vertical axis label shows “backoff” rather than A-MPR.  Thus, the result was slightly ambiguous and warranted this further study.
ACLR specification
We consider a 5 MHz Band 38 waveform for simplicity.  The E-UTRA ACLR requirement is -30 dBc measured in the adjacent channel over a 4.5 MHz bandwidth.  This is nearly identical to the situation of a 5 MHz carrier located in the frequency range 2615 – 2620 in Band 38.  To minimally fulfill the ACLR requirement, the UE transmits at 22 dBm and the ACLR integrated over 4.5 MHz is -8 dBm.  Scaling the bandwidth from 4.5 MHz to 5 MHz since the Band 38 emission limit is specified in a 5 MHz measurement bandwidth, the integrated ACLR is -7.5 dBm.  The P-max condition of 20 dBm is equivalent to a power reduction of 2 dB, from 22 dBm to 20 dBm relative to the ACLR reference point.  Given that ACLR is a 3rd order phenomenon, it can be reasoned that theoretically, the ACLR should fall by 6 dB for a 2 dB decrease in transmission power.  In that case, we have an emissions of -7.5 dBm – 6 dB = -13.5 dBm / 5 MHz.  In practice, ACLR does not follow the ideal 3:1 rate of decay so the emissions will be larger.  We can therefore see that a UE which is designed against the typical linearity measures of ACLR will not be able to meet the emission requirement.  It fails by 2 dB or more.
Measurements

We confirm the above analytical conclusion with PA measurements.  The measurements indicate that a 5 MHz fully loaded waveform transmitted at 20 dBm fails to meet the -15.5 dBm/5 MHz emission limit.  
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With the same PA, as shown in the figure, we have also verified that the PA is able to meet the emission limit with margin in the case that it does not overlap the 2615 – 2620 MHz frequency range and its uplink is restricted to 54 RB’s.  We have measured the PA output for P-max of 19 dBm and have shown that it can pass, albeit with small margin for this value.  We also have observed that performance is marginal for the other bandwidths as well.
  Recommendation

We recommend that the specification be corrected to set the condition for P-max to be 19 dBm, given that MPR does not stack on top of P-max.  At 19 dBm and below, all 5, 10, 15, and 20 MHz waveforms for a PA which is minimally compliant to the linearity sizing constraints of ACLR are expected to be able to comply with the -15.5 dBm emission limit.
3. Conclusion
In this contribution, we have reinvestigated the P-max condition of UE coexistence from Band 38 to Band 7 for channels located entirely or partially within the uppermost 5 MHz or Band 38.  The current P-max condition is 20 dBm, but based on analytical reasoning and PA measurements, we have found that the correct P-max condition should be 19 dBm.  This is because P-max represents the total backoff allowed and is not additive with MPR.
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