3GPP TSG-RAN WG4 #86
R4-1802244
February 26th ‒ March 2nd, 2018
Athens, GR
Agenda item:
7.4.7.3
Source: 
Qualcomm Incorporated

Title: 
Measurements of dual Tx architecture for DC_41-n41
Document for:
Discussion
1. Introduction

This contribution provides measurement results for a dual Tx/PA configuration in support of DC_41-n41.  In particular, measurements are provided to evaluate the reverse IM behavior of the PA both in the context of DC_41-n41 and more generally towards modeling of the dual Tx architecture.
2. Discussion

Initial discussion regarding the support of DC_41-n41 by either single PA or dual PA’s has shown that forward IM and reverse IM’s are relevant when evaluating unwanted emissions [1].  Proposals to set common assumptions and evaluation approach for A-MPR were agreed in [2].  While forward IM behavior has been characterized by memoryless AM/AM and AM/PM modeling of the PA, at least for bandwidths supported by LTE where memory effects have been neglected, reverse IM behavior has not been as thoroughly analyzed.  For a dual PA front-end architecture, it was agreed [2] that the reverse IM path is most critical since a PCB leakage path from the output of one PA to the input of the other PA can be assumed to be attenuated by more than 60 dB across the PCB.  Therefore, this contribution focuses on evaluating the reverse IM product from the output of one PA coupling through the front-end and antenna back to the output of the other PA.
The objective of this study is two-fold.  Firstly, as part of the work to define the requirements for DC_41A-n41A, it is necessary to define A-MPR to meet CA_NS_04 emission limits.  Secondly, a method to model the reverse IM characteristic of the PA is necessary for future simulations, including but not limited to this particular band combination.
For all cases, an SC-FDMA QPSK modulated single RB at the channel edge was allocated with 15 kHz SCS in both carriers.  The bandwidth configuration is 20 MHz LTE + 20 MHz NR, 40 MHz NR, and 60 MHz NR where the two carriers are placed immediately adjacent to one another; i.e., intra-band contiguous EN-DC.  The NR carrier was placed lower in frequency and the LTE carrier placed higher in frequency.  The test setup is illustrated in the diagram below.
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The power at the output of the NR PA is set to 28 dBm and swept downwards.  This assumes that the post-PA loss is 5 dB and that the DC_41A-n41A configuration is capable of delivering a maximum combined power of 26 dBm (23 dBm NR + 23 dBm LTE, for example).  The output power of the LTE PA is adjusted so that it is coupled to the output of the NR PA at +8 dBm.  This is to model the 5 dB post PA loss on both LTE and NR Tx paths as well as 10 dB antenna coupling between the two.  The power level of the resulting reverse IM3 and IM5 spurious products are measured and scaled by the post-PA loss to reference the measurement to the antenna port.  Sweeping the power of the NR carrier reflects the scheme whereby MPR or A-MPR power backoff is taken by the NR carrier in favor of the LTE carrier, noting that the constant PSD or constant power assumption would no longer hold.  This is likely only feasible for a dual PA architecture since the single PA must maintain constant PSD.  However, given that the transmissions are both narrowband single RB, whether the signal is NR or LTE does not materially affect the result.  More significant is that the carrier closest to the IM product being measured is reduced so that the impact of reducing this carrier is twice that of reducing the other carrier for the IM3 product.  The IM3 product on the opposite side will be greatly attenuated since the power level of the LTE carrier impinging upon the PA is 20 dB lower.
The PA is calibrated to ACLR limit where the 0 dB MPR power level is mapped to 26 dBm in the figure of results below.
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It is observed that the backoff required to meet -25 dBm/MHz is from 5.6 to 6.8 dB depending on frequency separation between the two RB’s being transmitted.  It is also observed that at lower output powers, the IM level does not decrease significantly with decreased fundamental power due to flooring behavior in the PA.  Fortunately, Band 41 does not have stringent emission requirements from 3GPP perspective.  Since the band is TDD and it is expected that the LTE and NR carriers are fully synchronized so that there will never be Tx-Rx interference between carriers, then there is no concern about emissions causing self-desense.  Spectrum emission requirements are dictated by general SEM and by NS_04 emission requirements in the US.  These emission requirements are -13 dBm/MHz and -25 dBm/MHz where -13 dBm/MHz can likely be met with minimal power backoff and -25 dBm/MHz can be met with approximately 5 to 7 dB backoff.  Moreover, IM3 products would generally not reach -25 dBm/MHz for contiguous carriers; however, for non-contiguous carriers using a combined mask according to [3], the IM3 products would reach as would they for channels in the lower part of Band 41 obligated to protect frequencies below 2490.5 MHz at a level of -25 dBm/MHz.  The RIM5 products measured in this study are very low, better than -45 dBm, and therefore may not be relevant to Band 41 emissions.  However, more generally, the RIM5 products were not found to decrease by lowering the fundamental, perhaps due to limitations in the test setup.  More careful study of RIM5 would be needed for DC band combinations where the IM5 product is meaningful.  Coexistence requirements, particularly those for other systems such as those using the ISM band, may also be impacted and require greater attenuation of spurious emission products than what is described in this contribution.
The quantitative results in this paper are very preliminary and only represent a single PA.  The results are easily corrupted by improper test setup, procedure, and calibration, so ongoing work is required to draw definitive conclusions.

3. Conclusion

A dual PA front-end architecture is studied by measuring the reverse IM products from a PA.  The RIM3 and RIM5 spurious emissions products were evaluated as a function of fundamental Tx power.  For Band 41 in particular where the spurious emission limits are -13 dBm and -25 dBm, not withstanding additional requirements for coexistence with other systems, the power backoff requirements are not severe even in worst case channel assignments and allocations.  While encouraging, the study and results here are limited and very preliminary.  Further studies are ongoing to provide a more comprehensive picture.
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