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1. Introduction

The configuration DC_(n)71B is the first intra-band EN-DC combination to be specified.  One of the challenges for this combination is to manage the emissions that result from simultaneous transmissions in the NR and LTE carriers.  In this contribution, measurement results are provided to indicate the required power backoff to meet emission requirements.  The intention of this study is to understand the magnitude of the worst case backoffs required, especially in the case that there is no inter-processor communication between NR and LTE [1] such that worst case must be assumed even if the actual transmission is more forgiving.
2. Discussion

The measurements presented in this contribution reflect the prior agreement that a single PA reference architecture should be assumed in deriving requirements for DC_(n)71B, although some difficulties and limitations have recently been uncovered with respect to this decision [1], [2].  With this architecture, the forward IM performance of the PA will be the dominant factor in producing emissions, although other front-end components can also contribute.  The test configurations are defined below.

For all cases, SC-FDMA QPSK modulation was used with 15 kHz SCS in both carriers.  The bandwidth configuration is 10 MHz + 10 MHz, with the LTE channel lower in frequency than the NR channel.  To find the worst case backoff, a single RB was allocated in each carrier with equal power (or equal PSD since the transmission is the same bandwidth in each carrier).  LO and IQ image were not intentionally introduced, so their levels are very low according to the performance of the signal generator.  7.5 kHz shift was not implemented, though the presence or absence of such small shifts are not expected to alter the results.
[image: image1.emf]Test Case Band N_RB_alloc LTE+NR  LTE CC1  NR  CC1  CC2  RB1RB2 FL1 Ch1  FL2 Ch2 range RB1 Freq RB2 Freq

1 B71+n71 2 10+10 10 10 50 52 3 1 675 670-680 685 680-690MHz 671.13 680.5825

2 B71+n71 2 10+10 10 10 50 52 10 35 675 670-680 685 680-690MHz 672.39 686.7025

3 B71+n71 2 10+10 10 10 50 52 15 15 675 670-680 685 680-690MHz 673.29 683.1025

4 B71+n71 2 10+10 10 10 50 52 39 3 675 670-680 685 680-690MHz 677.61 680.9425

5 B71+n71 2 10+10 10 10 50 52 30 9 675 670-680 685 680-690MHz 675.99 682.0225

6 B71+n71 2 10+10 10 10 50 52 1 49 675 670-680 685 680-690MHz 670.77 689.2225

7 B71+n71 2 20 10 10 50 52 1 19 683 678-688 693 688-698MHz 678.77 691.8225


The requirements matrix is as follows

[image: image2.emf]Test case

IM3 L H L H L H L H L H L H L H L H

1-13 dBm/MHz -21 dBm/30 kHz -13 dBm/100 kHz -21 dBm/30 kHz

2-13 dBm/MHz -13 dBm/MHz -13 dBm/100 kHz -13 dBm/100 kHz

3-13 dBm/MHz -10 dBm/MHz -13 dBm/100 kHz -13 dBm/100 kHz

4 FALSE FALSE FALSE FALSE YES YES

5-21 dBm/30 kHz FALSE -21 dBm/30 kHz FALSE YES

6-13 dBm/MHz -13 dBm/MHz -13 dBm/100 kHz -13 dBm/100 kHz

7-13 dBm/MHz -13 dBm/MHz -13 dBm/100 kHz -13 dBm/100 kHz

IM5 L H L H L H L H L H L H L H L H

1-13 dBm/MHz -13 dBm/MHz -13 dBm/100 kHz -13 dBm/100 kHz

2 FALSE FALSE FALSE FALSE -36 dBm/100 kHz-36 dBm/100 kHz YES

3-13 dBm/MHz -13 dBm/MHz -13 dBm/100 kHz -13 dBm/100 kHz

4 FALSE FALSE FALSE FALSE YES YES

5-13 dBm/MHz -10 dBm/MHz -13 dBm/100 kHz -13 dBm/100 kHz

6 FALSE FALSE FALSE FALSE -36 dBm/100 kHz-36 dBm/100 kHz YES YES

7 FALSE -13 dBm/MHz FALSE -13 dBm/100 kHz -36 dBm/100 kHz YES

IM7 L H L H L H L H L H L H L H L H

1 FALSE -13 dBm/MHz FALSE -13 dBm/100 kHz -36 dBm/100 kHz YES

2 FALSE FALSE FALSE FALSE -36 dBm/100 kHz-36 dBm/100 kHz YES YES

3 FALSE -25 dBm/MHz FALSE -25 dBm/MHz -36 dBm/100 kHz YES

4-10 dBm/MHz -21 dBm/30 kHz -13 dBm/100 kHz -13 dBm/100 kHz

5-13 dBm/MHz -13 dBm/MHz -13 dBm/100 kHz -13 dBm/100 kHz

6 FALSE FALSE FALSE FALSE -36 dBm/100 kHz-36 dBm/100 kHz YES

7 FALSE FALSE FALSE FALSE -36 dBm/100 kHz-36 dBm/100 kHz YES YES

B12 coex B29 coex General SEM NS_35 SEM Spurious Inband emissions LTE Self Desense NR Self Desense


For each test case, the IM3/5/7 products must fulfill the specified emissions requirements as shown.  For each of these, the necessary power backoff to meet the requirement should be measured.  Then, for a given test case waveform, the maximum power backoff across all of the requirements can then be regarded as the required power backoff for that waveform.  For general SEM, NS_35 SEM, spurious emissions, and in-band emissions, no filter attenuation is assumed and their requirements are listed directly in the table reference to the antenna port.  For self desense, assuming 50 dB duplexer Rx isolation, the emission requirement is approximately -65 dBm/MHz if no desense is to be allowed.  For Band 12 and Band 29 coexistence, assuming 25 dB and 10 dB Tx filter attenuation from a Band 71 duplexer data sheet, the requirement becomes -25 dBm/MHz and -40 dBm/MHz, respectively.
Measurements were taken on a single PA calibrated to 1 dB MPR for a fully allocated, QPSK, SC-FDMA waveform.  Some key findings are highlighted below.
	Test case
	IM product
	Emission requirement
	Backoff needed

	1
	IM3L
	-13 dBm/MHz (SEM)
	3.5 dB

	2
	IM3L
	-13 dBm/MHz (SEM)
	3.5 dB

	2
	IM5L
	-65 dBm (Self desense)
	24.1 dB

	2
	IM7H
	-25 dBm/MHz (Band 12 coexistence)
	2.3 dB

	3
	IM7H
	-25 dBm/MHz (SEM)
	2.0 dB

	3
	IM7L
	-65 dBm (Self desense)
	20.3 dB

	6
	IM5H
	-40 dBm/MHz (Band 29 coexistence)
	8.8 dB


It should be noted that the measurement results for self desense (at 24 dB backoff!) may still be optimistic despite the large backoffs required.  At the power levels associated with these test cases, the noise floor of the test setup and other setup issues are obscuring the actual measurement.  Also, as mentioned above, the measurements do not include the impact of LO and IQ image leakage which may generate additional spurious products at lower IM orders with higher power.  Therefore, the backoffs reported here may in fact be under-reported.
Nonetheless, it can be seen that the backoffs required are significant.  It is difficult to imagine a successful deployment given the magnitude of these values.  The largest backoffs are needed for self-desense protection, which is expected given the close Tx-Rx separation relative to transmission bandwidth observed in Band 71.  The backoff could be reduced if some degree of desense is allowable, to better tradeoff Rx performance against Tx performance.  The backoffs are also expected to be able to be reduced if a dual PA architecture is used or if time-division multiplexing of each uplink is used instead.
3. Conclusion

The results of a study on power backoff required to meet emission requirements with a single PA for DC_(n)71B are reported.  Based on worst case single RB waveforms, measurements of IM3/5/7 products show that significant power backoff are requirement to meet SEM, spurious emissions, coexistence with Band 12 and Band 29, and self desense.  Some of these backoffs will become inherent in intra-band EN-DC operation to meet general requirement, but others, in particular for coexistence and self-desense which represent the largest required backoffs are particular to operation in this band.  Options to reduce the large backoffs should be considered.
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