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1. Introduction
In the definition of PCMAX for intra-band EN-DC, one condition under which the NR cell group is allowed to be dropped is if the power spectral density (PSD) difference between transmissions in the MCG and SCG is larger than [6] dB.  This paper discusses this PSD difference criterion for the specific EN-DC combinations specified in Rel-15.
2. Discussion

A compromise agreement on PCMAX for intra-band EN-DC was reached in [1] and [2] after lengthy online, offline, and email discussion.  As part of this agreement, one condition under which the SCG (NR) can be dropped is if there is a large PSD difference between the transmissions in the two cell groups.  At present, the PSD threshold for dropping is tentatively 6 dB as shown in this snippet from [1]
ELSE If b= TRUE or the configured transmission power spectral density between the MCG and SCG differs by more than [6] dB
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}
    …
If the configured transmission power spectral density between the MCG and SCG differs by more than [6] dB, then

PUMAX,f,c,NR (q) ≤  10log(pCMAX H, f,c,,NR (q)) + THIGH (10log(pCMAX H, f,c,NR (q))).
The motivation for including a 6 dB PSD difference criterion for dropping comes from [3] and is summarized in the following points
· A-MPR values required to meet spurious emissions were derived based on an assumption of equal PSD (or equal power in the case of EN-DC in Band 41/n41) between the carriers in the two cell groups.  However, these same A-MPR values are to be applied regardless of the actual PSD or power relationship between the two carriers in order to meet emission requirements.  Additionally, the A-MPR simulation results were studied on a per-CG basis with an assumption of equal backoff per-CG.  However, the specification applies a limit based on the sum of the powers in the cell groups rather than on an individual basis.  Since the assumptions in deriving the A-MPR values were not maintained in how the specifications were written, the conclusion that emissions can be met also does not hold.  Therefore, a limitation on PSD difference as well as additional margin provided in the A-MPR values is needed in the specification.
· In the case of intra-band EN-DC with single Tx and single PA, such as EN-DC in Band 71/n71, practical limitations in linearity and dynamic range of the PA do not allow for large differences in PSD.  The ACLR of carrier with higher PSD will overlap and corrupt transmission of the carrier with lower PSD.  The EVM for the carrier with lower PSD will be degraded.  Due to finite dynamic range, the carrier with lower PSD will be subjected to the noise floor thereby also degrading its EVM.
The second point is well understood, but the first point deserves further scrutiny since the analysis provided in [3] was based only on a relative difference in the power relationship between the two carriers.  In [3] it is shown by measurement that the power backoff required for equal PSD vs. equal power differs by as much as 5.5 dB.  Thus, the reasoning is that if the A-MPR requirement is derived based on equal PSD, yet equal power (or some other power relationship that is not equal PSD) is encountered, the A-MPR could be insufficient by up to 5.5 dB unless the additional margin provided by the specification is at least 5.5 dB.  Based on this, it is proposed in [3] to set a threshold on the PSD difference between the two carriers for which the A-MPR would be applied.  If the PSD difference exceeds this threshold, the NR carrier would be allowed to be dropped.  This PSD difference criterion then provides greater flexibility for the UE in case the power relationship between the two carriers is different from that for which the requirements were derived.
In a general sense, the analysis and recommendations in [3] apply.  However, it may be instructive to consider how these recommendations apply to the specific intra-band EN-DC configurations defined in the Rel-15 specifications.  The Rel-15 specifications [4] define intra-band EN-DC for the following band combinations.
Table 5.2B.2.1-1: Band combinations for intra-band contiguous EN-DC
	EN-DC band
	E-UTRA Band
	NR Band
	Single UL allowed

	DC_(n)71
	71
	n71
	No3

	DC_(n)41
	41
	n41
	Yes1

	NOTE 1:
Single UL allowed due to potential emission issues, not self-interference.

NOTE 2:
The minimum requirements apply for 15 kHz subcarrier spacing on the SCG.

NOTE 3:
For UE(s) supporting dynamic power sharing it is mandatory to do dual simultaneous UL. For UE(s) not supporting dynamic power sharing single UL is allowed.


Table 5.2B.3.1-1: Band combinations for intra-band non-contiguous EN-DC
	EN-DC Band Uplink Combination
	E-UTRA Band
	NR Band
	Single UL allowed

	DC_3_n3
	3
	n3
	Yes1

	DC_41_n41
	41
	n41
	Yes

	NOTE 1:
Only single switched UL is supported in Rel.15


For DC_(n)71, the reference architecture from which specifications were derived is a single Tx chain, single PA, and single antenna.  This is a contiguous EN-DC configuration with the two carriers immediately adjacent to one another so that the first ACLR of one carrier is directly in-band to the other carrier.  Because of single Tx path limitations as described above, the PSD difference criterion applies directly to this DC configuration.  For DC_3_n3 only single switched UL is supported by the Rel-15 specifications.  Since concurrent transmission is therefore not supported in Rel-15, this discussion on EN-DC power sharing and PCMAX is not applicable to DC_3_n3.  For DC_(n)41 and DC_41_n41, the reference architecture from which specifications were derived is separate Tx chains, separate PA’s, and separate antennas for LTE and NR cell groups.  Moreoever, the A-MPR for DC_(n)41 and DC_41_n41 was derived assuming equal power per carrier, not equal PSD.  These attributes of DC_(n)41 and DC_41_n41 and how they affect the general analysis provided in [3] are discussed forthwith.
The analysis in [3] to show a 5.5 dB under-estimation of A-MPR when applying equal PSD assumptions to an equal power scenario do not directly apply to the case of EN-DC in Band 41/n41.  The reason is that the derivation of A-MPR in Band 41/n41 was based on equal power and the analysis in [3] shows that the equal power scenario is the one requiring larger A-MPR.  It has not been proven that equal power represents the scenario that requires the largest A-MPR, so there is still justification that additional margin to account for other cases.  Also, the analysis in [3] is only a relative comparison between A-MPR required for equal power vs. equal PSD.  What is absent is a comparison against the actual A-MPR values that are provided in sub-clauses 6.2B.2.1.2 and 6.2B.3.2.1 of [4].  Measurements were taken on a small set of waveforms against actual specified A-MPR values for DC_(n)41 and DC_41_n41.  A conducted dual PA test setup was used where the output of one PA was coupled to the output of the other through 10 dB to mimic antenna coupling.  It was not feasible to determine the worst case waveform since the worst case waveform would need to be defined relative to the allowed power backoff (i.e., the waveform with highest emissions is not necessarily the worst case since the allowed backoff for that waveform is also large) so the study is not necessarily conclusive for all waveforms.  Nonetheless, it was found that for the waveforms measured, with the A-MPR currently provided in [4] and with the PCMAX rules provided in [1] and [2], the requisite NS_04 emissions could be met.  This was found to be true even for waveforms where the PSD difference exceeded 6 dB.  It was found that a large number of waveforms exhibiting PSD difference in excess of 6 dB and therefore thought to be challenging to meet emissions were, in fact, already allowed to drop NR under other criteria as defined in [1] and [2] for NS_04.  Therefore, the criterion to allow dropping due to PSD difference was found to be mostly redundant for EN-DC in Band 41/n41.  The waveforms evaluated where PSD difference exceeded 6 dB and were not allowed to drop NR by other criteria are summarized below.
[image: image1.emf]LTE

PPowerClass 26 26 26 26 26 26 26 26 26 26 26 26

P_LTE 26 26 26 26 26 26 22 22 22 16 16 16

Fc 2506 2546 2506 2506 2566 2566 2566 2566 2566 2506 2506 2506

BW 20 20 20 20 20 20 20 20 20 20 20 20

Rbstart 0 0 0 60 60 60 60 60 60 60 60 60

L_CRB 6 6 6 12 12 20 20 6 1 6 6 1

Modulation QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK

MPR 0 0 0 0 0 1 1 0 0 0 0 0

A-MPR 5 0 5 0 0 0 0 0 0 0 0 0

A-MPR_EUTRA (used only in A-MPR_tot) 13 13 13 13 6 6 6 6 6 12 12 12

LTE Pcmax 21 26 21 26 26 25 22 22 22 16 16 16

NR

PPowerClass 23 23 23 23 23 26 26 26 26 26 26 26

P_NR 23 23 23 23 23 26 26 26 26 26 26 26

Fc 2536 2516 2566 2536 2596 2596 2596 2596 2596 2536 2546 2546

BW 40 40 40 40 40 40 40 40 40 40 40 40

Rbstart 78 78 78 0 0 0 0 0 0 0 0 0

L_CRB 12 12 12 12 12 12 12 100 100 100 100 100

SCS 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015

Modulation QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK QPSK

Type DFT-S DFT-S DFT-S DFT-S DFT-S DFT-S DFT-S DFT-S DFT-S DFT-S DFT-S DFT-S

B (alloc ratio) 3.24 3.24 3.24 4.32 4.32 5.76 5.76 19.08 18.18 19.08 19.08 18.18

A-MPR_IM3 13 13 13 13 6 6 6 6 6 12 12 12

A-MPR'c 13 13 13 13 6 6 6 6 6 12 12 12

NR Pcmax 10 10 10 10 17 20 20 20 20 14 14 14

EN-DC

PPowerClass 26 26 26 26 26 26 26 26 26 26 26 26

A-MPR_tot 11.23565 11.23565 11.23565 11.23565 4.235651 2.9897 2.9897 2.9897 2.9897 8.9897 8.9897 8.9897

X_scale 6 6 6 6 6 6 6 6 6 6 6 6

a  21.33196 26.10774 21.33196 26.10774 26.51497 26.19331 24.12443 24.12443 24.12443 18.12443 18.12443 18.12443

b 21.0858 26.02732 21.0858 26.02732 26.13521 25.33196 22.63892 22.63892 22.63892 16.63892 16.63892 16.63892

NR A-MPR scaled 1000 1000 1000 1000 1000 1000 12 12 12 18 18 18

Scaled NR Pcmax -1000 -1000 -1000 -1000 -1000 -1000 14 14 14 8 8 8


For these waveforms at the computed PCMAX power levels, measurements in a dual-PA test setup showed that the pertinent emission requirements were met.  While these waveforms do not necessarily represent the worst case, i.e., lowest margin to emissions after taking allowed A-MPR, they do indicate that the 6 dB PSD difference dropping criterion may not be needed and that these waveforms would allow for transmission in both cell groups.  Other companies are encouraged to confirm these results since these represent only one PA set up tested.
The conclusion shown above is specific to DC_(n)41 and DC_41_n41 because of the way that their A-MPR values were derived and because of the assumed reference architecture.  Moreover, the power sharing behavior is also dictated by the specific LTE MPR and LTE NS_04 A-MPR values compared to EN-DC NS_04 A-MPR values with the RRC X_scale parameter not larger than 6 dB.  Therefore, the conclusion that PSD difference dropping criterion is not needed does not necessarily apply to other EN-DC configurations that may be defined in the future.
3. Conclusion

As part of a compromise agreement on PCMAX for intra-band EN-DC, a PSD difference criterion is included for which the NR cell group can be dropped.  The threshold is [6] dB.   In this contribution, this PSD difference criterion is evaluated against the specific EN-DC band combinations that are specified in Rel-15.  The following results were obtained
· DC_(n)71: PSD difference criterion of 6 dB is required.

· DC_3_n3:  Only single switched uplink is supported in Rel-15 so discussion on PSD difference is not applicable.

· DC_(n)41 and DC_41_n41:  PSD difference criterion may not be needed based on limited number of waveforms measured.  Other companies are encouraged to confirm these results since they represent only a single PA and only a small number of waveforms.
Note that the conclusions derived are specific to these EN-DC band combinations and cannot be generalized.
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