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1. Introduction

For intra-band EN-DC in Band 41/n41, IM3 products caused by the intermodulation between the LTE and NR carriers can fall into various frequency regions, with different spectral emissions limits, and different levels of filter rejection. These factors are important in determining how much A-MPR to allow for a given channel arrangement. This submission discusses mechanisms to distinguish between different classes of channel arrangements.
2. Discussion
In RAN4#86bis, it was agreed in R4-1805774 [1] that A-MPR would be defined for the 2PA architecture, structured as a formula based on allocations sizes, and that separate curves will be defined for different channel arrangements. 
Dual Connectivity introduces the potential for intermodulation between the two transmissions, which can place intermodulation products into frequencies which are a function of the two transmission frequencies.  The single channel spectral emission limits were not designed to accommodate inter-channel IMD, so A-MPR may be required to bring these IMDs products into compliance with the emissions limits.
Reverse-IM3 Products between Transmissions

A major potential cause of violation of spectral emission limits, which may require A-MPR to avoid, is intermodulation between the two transmissions.  For 2PA architectures, the dominant path is expected to be one transmission feeding back via antenna coupling into the other transmission chain, and the dominant cause of emissions is expected to be reverse IM3s (RIM3s), since higher order IMDs are not expected to have significant power.  

Unlike single channel spectral regrowth, the frequency location of IMD products is a function of the location of both transmissions.  Contiguous EN-DC in B41/n41 uses an aggregated spectral emission mask (SEM), so RIM3s will fall into the aggregated spectral emission mask unless they fall into the NS_04 spurious emission region.  Non-contiguous EN-DC uses a composite spectral emission mask, and some RIM3 products will fall outside the SEM and into the general spurious emission region, even if they avoid the NS_04 spurious region.  Since most of the SEM specified a limit of -13 dBm/1Mhz, while the NS_04 spurious regions have a limit of -25 dBm/MHz, the difference (12 dB) is significant.
Another important factor in using A-MPR to mitigate IMD is the bandpass filter.  B41/n41 EN-DC capable UEs are expected to use a bandpass filter to protect the NS_04 spurious region, as well as the ISM band and bands above B41.  At frequencies sufficiently outside the band, these filters provide significant rejection, exceeding 12 dB of attenuation.  For those IM3 products in high rejection regions, the A-MPR required to meet the spurious limit of -25 dBm/1MHz will be no more than the A-MPR required to meet a -13 dBm/1MHz limit without filter rejections (-13 – -25 = 12)  For some channel arrangements all of the potential IM3 products will fall into these high rejection regions.
Definitions of Channel Arrangement Cases
As a result of these differences in IM3 product locations relative to filter rejection and emissions limits, there are 4 cases for EN-DC channel arrangements that can be considered.
	Case
	Arrangement
	NS_04
	Emission Limits @ IM3 freqs
	Filter
	Worst Case IM3 Limit for A-MPR

	A
	Contiguous
	All IM3s above NS_04
	-13 dBm
	N/A
	-13 dBm/1MHz

	B
	Contiguous
	Some IM3s below NS_04
	-13 dBm and -25 dBm
	Some IM3s below NS_04 have < 12 dB rejection
	-25 dBm/1MHz

	C
	Non-Contiguous
	Some IM3s below NS_04
	-13 dBm and -25 dBm
	All IM3s with -25 dBm limits have ≥ 12 dB rejection
	equivalent to > -13 dBm/1MHz

	D
	Non-Contiguous
	Some IM3 could be below NS_04
	-13 dBm and -25 dBm
	Some IM3s with -25 dBm limits have < 12 dB rejection
	-25 dBm/1MHz


In Case A, the contiguous channel arrangement allows use of an aggregated SEM which contains all the potential RIM3 products in the -13 dBm / 1MHz regions of the mask.   Because the channels are placed at high enough frequencies that all RIM3s avoid the NS_04 spurious region, the applicable limit for all RIM3s is -13 dBm / 1 MHz.

Case A: Contiguous with no IM3 products in NS_04 spurious region 
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In Case B, the channels are located low enough that the aggregated channel mask is superseded by the NS_04 spurious region, placing some potential IM3 products in the NS_04 spurious region.   Because the filter may not provide 12 dB of rejection in the region just below 2490.5 MHz, A-MPR sufficient to meet a limit of -13 dBm/MHz may not be sufficient for RIM3s falling into that region.
Case B: Contiguous with some IM3s products in NS_04 spurious region
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In Case C, non-contiguous channels require use of a composite SEM, so some RIM3 products will fall outside the SEM into the spurious regions.  However, in this case, all of the potential RIM3 either fall into the -13 dBm / 1 MHz part of the SEM, or into regions where the filter rejection is at least 12 dB.  As a result, the A-MPR required to comply with the emissions limits is no more than the A-MPR required to meet a -13 dBm / 1 MHz limit without filter rejection.
Case C: Non-contiguous with some IM3s at -25 dBm/1MHz limit, but with filter rejection ≥ 12dB 
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In Case D, some RIM3 products fall into spurious regions that are not protected by sufficient filter rejection, either above or below the channels.  A-MPR sufficient to meet a limit of -13 dBm/MHz may not be enough.
Case D: Non-contiguous with some IM3s at -25 dBm/1MHz limit with filter rejection < 12 dB
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	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
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Proposal 1: Four Channel Arrangement Cases be defined, based on contiguous/non-contiguous and the resulting spectral emission limits.

A-MPR for Reverse Intermodulation

As agreed in RAN4#86bis, A-MPR for EN-DC should be defined as a formula primarily based on allocation sizes, using an approach similar to that used for LTE MPR for non-contiguous allocations.  It was also agreed that separate curves will be defined for different channel arrangements.  This submission will not address the details of the formula, but will identify two distinct parameter sets (i.e. “curves”) that can be used.
As discussed in the previous section, some channel arrangements (Case A and Case C) place all of the potential RIM3 products at frequencies where either the spectral emission limit is -13 dBm/1MHz, or required A-MPR will be no more than required for that limit (when accounting for filter rejection).   These two cases should use a curve determined to bring IM3s down to an emission level of -13 dBm / 1MHz for generic channels.
Other channel arrangements (Case B and Case D) have at least some potential RIM3 products at frequencies with spectral emission limits of -25 dBm/1MHz which do not have sufficient filter attenuation to allow A-MPR calculated to meet to a -13 dBm / 1MHz limit to be sufficient.  These two cases should use a curve determined to bring IM3s down to an emission level of -25 dBm / 1MHz for generic channels.
	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


Proposal 2: Two AMPR definition function curves be defined, one for meeting an emission limit of -13 dBm/1MHz, and one for an emission limit of -25 dBm/1MHz.

3. Proposals
Proposal 1: Four Channel Arrangement Cases be defined, based on contiguous/non-contiguous and the resulting spectral emission limits.

Proposal 2: Two AMPR definition function curves be defined, one for meeting an emission limit of -13 dBm/1MHz, and one for an emission limit of -25 dBm/1MHz.
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