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1	Introduction
One of the objectives of the WI 800078, LTE_NR_B41_Bn41_PC29dBm, is to improve the structure and performance of the A-MPR definition for B41/n41 EN-DC.   From the WID [1]:
· Improvements to A-MPR/MPR for 26 dBm n41 and B41/n41 EN-DC are in scope.
The current A-MPR definition in Rel-15 is based on two separate curves, based on the emissions limit that must be met.  For the lower limit of -25 dBm/MHz, there are actually two separate cases with significantly different power backoff requirements.  This submission discussed these differences.
2	Discussions
The current A-MPR definition in Rel-15 is based on two separate curves, one for conditions requiring UE to keep IM3 PSDs below -13 dBm/MHz, and a second curve for conditions where the IM3 PSD must be kept below -25 dBm/MHz.  The UE selects which curve applies based on specified frequency domain calculations.  R4-1807831 [2] discussed this mechanism, and the definition there is copied below.
	Channel Arrangement
	Case Determination

	Contiguous
	FIM3,low_block,low = (2 * Flow_channel,low_edge) – Fhigh_channel,high_edge

If FIM3,low_block,low < 2490.5 MHz
	Case B: A-MPR must allow IM3s to meet -25 dBm / 1MHz limit
Else
	Case A: A-MPR must allow IM3s to meet -13 dBm / 1MHz limit

	Non-Contiguous
	FIM3,low_block,high = (2 * Flow_channel,high_edge ) – Fhigh_channel,low_edge
FIM3,high_block,low = (2 * Fhigh_channel,low_edge) – Flow_channel,high_edge 

If AND(FIM3,low_block,high < Ffilter,low , MAX( SEM-13,high, FIM3,high_block,low ) > Ffilter,high )
	Case C: A-MPR must allow IM3s to meet equivalent of -13 dBm / 1MHz limit
Else
	Case D: A-MPR must allow IM3s to meet equivalent of < -13 dBm / 1MHz limit




	Parameter
	Definition

	Flow_channel,low_edge
	Lowermost frequency of lower transmission bandwidth configuration

	Flow_channel,high_edge
	Uppermost frequency of lower transmission bandwidth configuration

	Fhigh_channel,low_edge
	Lowermost frequency of upper transmission bandwidth configuration

	Fhigh_channel,high_edge
	Uppermost frequency of upper transmission bandwidth configuration

	Ffilter,low
	Maximum frequency below lower band edge where filter attenuation exceeds 12 dB
Proposed value: 2480 MHz

	Ffilter,high
	Minimum frequency above upper band edge where filter attenuation exceeds 12 dB
Proposed value: 2750 MHz

	SEM-13,high
	Threshold frequency where upper spectral emission mask drops from -13 dBm / 1MHz to -25 dBm / 1MHz



	Curve
	Applicable Cases
	Effective Emission Limit
(assuming no filter attenuation)

	1
	Case A and Case C
	-13 dBm / 1 MHz

	2
	Case B and Case D
	-25 dBm / 1 MHz



This definition is sufficient to ensure that the -13 dBm/MHz curve, which allows less power backoff, is only used in conditions where none of the possible IM3s fall outside the SEM region where -13 dBm/MHz applies.  All other cases are specified to use the -25 dBm/MHz curve.  However, there are actually two separate cases where the -25 dBm/MHz applies, and it is reasonable to expect that backoff requirements will be significantly different.  
The Spectral Emission Mask for a transmission is normally defined with the width of the -13 dBm/MHz region based on the channel bandwidth, which has the effect of including all potential IM3s generated within that individual channel.  This region of potential IM3s from the single channel can be termed the spectral regrowth region of that channel.  
Because the A-MPR for B41/n41 EN-DC is defined with an assumption of separate PAs and antennas for the two transmissions, this distinction between same-transmission spectral regrowth and cross-transmission R-IMD is significant.
Two separate cases exist:
· R-IM3s + Regrowth - If the single-channel -13 dBm/MHz SEM region overlaps the NS_04 spurious emission region below 2490.5 MHz, then same-transmission spectral regrowth must meet a -25 dBm/MHz limit, and may require A-MPR backoff even without considering R-IMD with the other transmission.  Note that this is the situation addressed by single-channel NS_04 A-MPR allowances for NR and for LTE.  However, if cross-channel R-IM3s also fall into this region, and above the point where filter rejection is sufficient, they will be additive with the spectral regrowth and even more backoff may be required than for single channel NS_04.
· Isolated R-IM3s - Outside the spurious emission limits below 2490.5 MHz from NS_04, non-contiguous EN-DC channel arrangements still results in potential R-IM3 products falling outside the -13 dBm/MHz SEM region.  But for those R-IM3s, the spectral regrowth cannot overlap with the R-IM3s, because the -13 dBm/MHz region covers the spectral regrowth.  EN-DC A-MPR backoff only needs to be sufficient to reduce the power of these isolated R-IM3s to -25 dBm/MHz, without considering the additive power of the spectral regrowth.
Illustrations of channel arrangements representing these cases are below.
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R-IM3s + Regrowth – Contiguous EN-DC, R-IM3s and Spectral Regrowth overlap and fall below 2490.5 MHz, and must meet -25 dBm/MHz limit
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Isolated R-IM3s – Contiguous EN-DC, R-IM3s fall below 2490.5 MHz, but Spectral Regrowth is contained above 2490.5 MHz.


[image: ]
Isolated R-IM3s – Non-Contiguous EN-DC, some R-IM3s must meet -25 dBm/MHz, but Spectral Regrowth is contained within -13 dBm/MHz.

Observation 1: Two distinct cases exist for the -25 dBm/MHz limit, with a reasonable expectation of significantly different backoff requirements.

The critical factor for distinguishing these cases is the presence of the following conditions in overlapping frequency ranges:
· Spectral regrowth occurs (within the CBW of the lower channel lower edge)
· NS_04 spurious limit of -25 dBm/MHz below 2490.5 MHz 
· R-IM3s from cross-carrier IMD.
If there exists a frequency range where all of these factors overlap, then the A-MPR backoff definition must ensure that overlapping spectral regrowth and R-IM3 emissions remain below the -25 dBm/MHz limit.  If any of these factors are missing, and IM3s fall into the -25 dBm/MHz limit, those IM3s are isolated from the spectral regrowth, and A-MPR need only ensure that the R-IM3s themselves remain below -25 dBm/MHz.
In the table below, the definition from R4-1807831 [2] is enhanced to include these factors.  Changes are shown in red.

	Channel Arrangement
	Case Determination

	Contiguous
	FIM3,low_block,low = (2 * Flow_channel,low_edge) – Fhigh_channel,high_edge

If FIM3,low_block,low < 2490.5 MHz
	If (Flow_channel,low_edge - CBWlow_channel) < 2490.5 MHz
		Case B: A-MPR must allow IM3s + regrowth to meet -25 dBm / 1MHz limit
	Else
		Case E: A-MPR must allow isolated IM3s to meet -25 dBm / 1MHz limit
Else
	Case A: A-MPR must allow IM3s to meet -13 dBm / 1MHz limit

	Non-Contiguous
	FIM3,low_block,high = (2 * Flow_channel,high_edge ) – Fhigh_channel,low_edge
FIM3,high_block,low = (2 * Fhigh_channel,low_edge) – Flow_channel,high_edge 

If AND(FIM3,low_block,high < Ffilter,low , MAX( SEM-13,high, FIM3,high_block,low ) > Ffilter,high )
	Case C: A-MPR must allow IM3s to meet equivalent of -13 dBm / 1MHz limit
Else If MIN[(Flow_channel,low_edge - CBWlow_channel), (Fhigh_channel,low_edge – CBWhigh_channel)] 
		< MIN ( FIM3,low_block,high, 2490.5 MHz )	
	Case D: A-MPR must allow IM3s + regrowth to meet equivalent of < -13 dBm limit
Else
	Case F: A-MPR must allow isolated IM3s to meet equivalent of < -13 dBm limit


	
	




	Parameter
	Definition

	Flow_channel,low_edge
	Lowermost frequency of lower transmission bandwidth configuration

	Flow_channel,high_edge
	Uppermost frequency of lower transmission bandwidth configuration

	Fhigh_channel,low_edge
	Lowermost frequency of upper transmission bandwidth configuration

	Fhigh_channel,high_edge
	Uppermost frequency of upper transmission bandwidth configuration

	CBWlow_channel
	Channel Bandwidth of lower channel

	Ffilter,low
	Maximum frequency below lower band edge where filter attenuation exceeds 12 dB
Proposed value: 2480 MHz

	Ffilter,high
	Minimum frequency above upper band edge where filter attenuation exceeds 12 dB
Proposed value: 2750 MHz

	SEM-13,high
	Threshold frequency where upper spectral emission mask drops from -13 dBm / 1MHz to -25 dBm / 1MHz



	Curve
	Applicable Cases
	Effective Emission Limit
(assuming no filter attenuation)
	Emissions Included in Case

	1
	Case A and Case C
	-13 dBm / 1 MHz
	R-IM3s + Spectral Regrowth

	2
	Case B and Case D
	-25 dBm / 1 MHz
	R-IM3s + Spectral Regrowth

	3
	Case E and Case F
	-25 dBm / 1 MHz
	R-IM3s only



Observation 2: The two cases for -25 dBm/MHz can be distinguished through straightforward calculations at UE, and incorporated into the same decision as is currently used to choose between -13 dBm/MHz and -25 dBm/MHz curves.
Finally, it is noted that the Rel-15 curve for -25 dBm/MHz was defined using measurements from contiguous channel arrangements.   The A-MPR values were identified that were sufficient to bring emissions below -25 dBm/MHz, but those emissions included overlapping spectral regrowth and R-IM3s.   The spectrum analyzer screenshot below shows a test with a full allocation (162 RB) on a 60 MHz NR channel, with a single RB (RB99) on a contiguous LTE channel.    The R-IMD induced on the NR Tx chain from the LTE transmission was relatively small compared to the spectral regrowth from the NR.  But since both had to be brought below -25 dBm/MHz, the required backoff was large.
[image: ]

As a result, the Rel-15 curve for -25 dBm/MHz allows large backoff (12 dB) even with large aggregate allocation sizes.  Without the overlapping spectral regrowth, the IM3 power for large allocations is spread over large bandwidths reducing the PSD, which should allow for significantly lower backoff requirements.
[image: ]

Observation 3: The current Rel-15 A-MPR curve for -25 dBm/MHz was based on measurements using overlapping spectral regrowth and R-IM3s, and thus allows large power backoff even with large allocations were IM3 power is spread over large bandwidths.
In conditions where all the R-IM3 products which must meet the -25 dBm/MHz limit do not overlap with spectral regrowth, significantly less backoff may be required than is allowed by the existing Rel-15 curve.  This is especially true for large allocations where R-IM3 power is spread over large bandwidths, resulting in lower PSDs, and the spectral regrowth is the dominant emission.
It is reasonable to expect that UE may be able to operate with significantly less backoff than Rel-15 allows in these conditions.  Furthermore, it is observed that these conditions are easily identifiable through straightforward calculations.
Proposal: Add a new, third, A-MPR curve to the Rel-16 B41/n41 EN-DC A-MPR definition, to represent the case where R-IM3s must be held below -25 dBm/MHz, but those IM3s do not overlap with spectral regrowth from the single channels.

3	Conclusions 
Observation 1: Two distinct cases exist for the -25 dBm/MHz limit, with a reasonable expectation of significantly different backoff requirements.
Observation 2: The two cases for -25 dBm/MHz can be distinguished through straightforward calculations at UE, and incorporated into the same decision as is currently used to choose between -13 dBm/MHz and -25 dBm/MHz curves.
Observation 3: The current Rel-15 A-MPR curve for -25 dBm/MHz was based on measurements using overlapping spectral regrowth and R-IM3s, and thus allows large power backoff even with large allocations were IM3 power is spread over large bandwidths.
Proposal: Add a new, third, A-MPR curve to the Rel-16 B41/n41 EN-DC A-MPR definition, to represent the case where R-IM3s must be held below -25 dBm/MHz, but those IM3s do not overlap with spectral regrowth from the single channels.
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